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PREFACE, 


Iir  underUking,  at  the  request  of  the  publiiihon,  to  write  this  book«  the 

ohM  indnoeineDt  to  me  was  the  hope  of  aronnng  the  iiilai«i(  ol 

and  teohnologiita  alike  in  the  study  of  the  soiflotifio  Mpeete  and 

of  the  remarkable  olanof  substanoes  known  as  india  rubber,  the  fvrjr 

of  which  would  seem  to  suggest  that  our  present  day  knowledge  of 

consisted  chiefly  in  the   fact  that  they  may  be  used   for  sti 

marks. 

The  intention  in  the  first  instance  was  to  deal,  hi  the  ffoDowiDg  pag«^ 
simply  with  the  analytical  methods,  which  are  almost  eiolusively  the  work 
of  R.  Henriques,  more  particularly  as  regards  the  rubber  substitates  sd> 
called,  and  my  own  researches,  chiefly  oonoeming  india  rubber  itssif  and  the 
▼uIoanisatioD  problem.  This  refers  to  work  done  within  the  last  tso  ystri 
Before  that  time  india  rubber  analysis,  if  it  existed  at  all,  was  unknown  to 
the  outside  world.  But  I  discoTered  very  soon  that  a  mere  cowipflatioo  of 
analytical  methods  could  at  best  only  cUim  a  very  limited  technical 
and  only  point  the  way  to  obtaining  a  number  of  statistical  data 
india  rubber  and  its  manufactures,  without  affordfaig  any  solid 
their  subsequent  interpretation.  This  might  have  sufficed  for  those  who 
simply  want  to  '  do '  india  rubber,  but  would  hare  rendered  the  wotkafaDOSi 
worthless  to  those  who  hereafter  may  feel  inclined  to  torn  their  attitfao 
to  a  field  of  inquiry  equally  fssdnating  in  its  chsmical,  phyiieal,  physio- 
lo^cal,  and  technical  aspects.  I  resolTsd,  tharsCoN^  Id  snlaifc*  Iha  aDops  of 
the  work  by  the  introduotioo  of  a  chaptar  oo  the  *'Chamisliy  of  lu&k 
Rnbber."  The  literature  oo  this  snlgeet  is  itiaordiaarijy  sean^,  and  ai  the 
same  time,  with  perhaps  two  or  thrss  eiesptiops  only,  mitrastwotthy  lo  a 
degree.  The  writing  of  this  chapter  prorod,  Ibenfors,  avsty  aidnoos  iMk, 
and  involved  an  amount  of  work  altogsthv  ool  of  pwiportioB  to  its 
vohuncL 


VI  PRKPACB. 

Inoideotally  I  felt  oompellod  to  deal  at  somo  length  with  the  nature  of 
the  ooUoidal  state  itself,  the  phenomena  of  which  have  an  important  bearing 
upon  the  ohemioal,  and  still  more  upon  the  technical,  behaviour  of  india 
rubber.  Indeed,  the  tmoi  that  india  rubber  is  a  colloid  may  be  said  to 
ooutitate  the  root  difficulty  of  this  subject  to  the  ohemioal  investigator  and 
the  teohnologist  alike.  All  these  circumstances  together  led  to  the  book 
asraming  the  form  of  a  monograph  rather  than  of  a  text-book. 

Of  the  many  unavoidable  gaps,  of  the  many  points  I  had  to  leave  un- 
deokled  or  only  half  discussed,  I  am  only  too  painfully  aware,  and  in 
eioate  oan  only  plead  the  limitations  of  one  Urgely  engaged  in  technical 
work  Some  of  these  omissions  I  hope  to  supply  in  the  future ;  many,  I 
trust,  will  be  made  good  by  the  work  of  others. 

Manufacturing  processes  as  such  have  not  been  dealt  with,  as  to  have 
done  80  would  hare  resulted  in  the  destruction  of  the  unity  and  aim  of  the 
work ;  but  I  shall  not  be  surprised  to  meet  with  the  criticism  from  certain 
quarters  that,  as  a  consequence  of  this  restraint,  the  book  is  too  theoretical. 
I  am  content  to  let  it  be  so. 

The  cradle  of  the  india  rubber  industry,  as  of  so  many  others,  stands  in 
thk  oountry,  which,  from  her  former  paramount  poeitiou  in  almost  every 
one  of  them,  has  fallen,  and  is  still  falling,  to  the  second  or  third  place,  or 
DO  place  at  all — a  result  owing  in  large  part  to  the  shortsightedness  of  the 
manufacturers  who  conduct  their  undertakings  simply  on  what  they  are 
pleieed  to  call  'practical  lines,'  which  so  often  means  that  all  forethought  and 
preeent  research  is  sacrificed  to  the  reaping  of  immediate  profits,  the  future 
being  left  to  take  care  of  itself  entirely.  The  rude  awakening  which  the 
national  industries  are  experiencing  at  the  present  moment  has — perhaps 
natiirally  enough  considering  the  state  of  mind  of  their  leaders— resulted 
in  a  gross  misconception  of  the  nature  of  the  industrial  stimulus  operating 
abroad,  precipitating  the  country  into  a  feverish  craze  for  stuffing  the 
heads  of  ignorant  schoolboys  with  *  technical  education.' 

Salvation  is  to  be  found  in  the  '  technical  education '  of  the  working 
classes,  but  that  the  '  masters '  stand  infinitely  more  in  need  of  education 
than  any  other  class  of  the  community  has  scarcely  been  realised  yet. 
Until  the  nation,  as  a  whole,  recognises  that  the  prosecution  of  scientific 
study  as  a  mere  means  of  money-making  is  a  profanation  defeating  its  own 
ends,  the  history  of  industrial  development  in  England  will  afford  the  same 
meUneholy  spectacle  in  this  as  in  the  last  century,  soK^alled  technical 
education  notwithstanding. 

As  regards  the  india  rubber  industry,  it  is  still  very  largely  developing 
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OD  empirioal  Unm.  In  oooe  of  tli«  induitriAl  emiatriai  hmw  ukj 
eflbrti  been  m»Ab  to  bring  to  bonr  upon  tho  problocnt  of  thb 
full  rMouroQi  of  modarn  cbamionl  atid  pb jrienl  roMnrob.  Tbii  ii,  no  doubts 
alio  tbo  raMOQ  wbjr,  notwithrtniKting  tbo  oncinrionnl  ekinM  of  *tVMlinf 
pufli,'  tbe  officioooj  of  tbo  rubber  trado  in  OrenI  Britnin  it  in  no  vnj 
inferior  to  that  of  either  the  United  Stntet,  Oermnny,  or  Fmnoii.  Bm  ii 
it  of  importAooe  thtt  mtnnftotureri  tliould  clenrljr  renlitt  thni  faidin  mbbtr, 
and  the  iiiduttry  oonneotod  with  it,  ofTer  wide  fleldt  for  tctontjfle  raittich, 
tbe  ezplomtion  of  whiob  htt  alretdj  oommenotd ;  tnd  tba  indin  mbbtr  in* 
duttrj  of  the  future  will  belong  to  whntOTer  country  mny  tnke  the  lotd  in 
the  soientifio  invettigtiioo  and  elaboration  of  ita  problaoMi  Tbe  ooal  tar 
oolour  industiy  hat  been  ktt  to  Oreat  Britain  through  tbt  fndiflerenee  of 
her  itatetmen,  the  thortaightednett  of  her  manufaotoren :  it  hm  India 
rubber  industry  to  suffer  the  tamo  dettinj  1 

At  the  end  of  the  book  will  be  found  a  short  ohapter  oo  the  "  Sanitary 
Conditions  in  India  Rubber  Worlu,"  a  matter  of  not  inoooaaderable  import- 
anoe  with  which  the  oliemist  is  much  more  oompetoni  to  deal  than  tbe 
engineer. 

To  my  former  aisittaot  Dr.  F.  Betteridge  I  am  indebted  for  help  in  ooo- 
nection  with  some  of  the  retearohes  contained  in  this  book,  and  to  my  ton 
Mr.  L.  M  Weber  for  the  preparation  of  the  miero^idos  and  photo-miem- 
graphs  which  illustrate  certain  seotionfi. 

THE  AUTHOR. 

CHUMraALL»  November  1,  1903. 
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M)IA   RIIBHKR    AND   ITS  ANALYSIS. 


CHAPTKK     L 

THE  0HBMI8TBT  OF   INDIA  RUBfiEB. 

No  olMi  of  bodies  offen  such  formidablo  nuinipulative  diffieultim  to 
tho  in?esiigatiiig  chemiBt  as  the  remarkable  group  of  colloids  oomprisad 
under  the  collective  iiame  of  India  rubber.  These  difficulties  are  phjsieal 
nitbar  than  chemioal— that  is  to  say,  they  do  not  so  much  consist  in  the 
functional  complexity  of  the  molecules  of  india  rubber,  as  in  the  oiroam> 
Rtance  that  these  molecules  are,  at  any  rate  at  present,  known  only  with 
tho  colloidal  state  superimposed  upon  them.  Matter  in  this  state  does 
nut  exhibit  the  abrupt  changes  of  physical  condition  which,  in  crystalloids, 
take  the  form  of  melting  points,  boiling  points,  and  solution.  The  physical 
changes  induced  in  colloids  by  boat,  or  by  solvents,  are  perfectly  continuous 
changes  as  long  as  the  underlying  ohemioal  molecule  or  ooofignnUiou 
remains  intact  As  a  consequence,  the  ohumeterisatioo  and  identUleatkm 
of  the  colloids  and  their  derivatives,  and  their  isolation  and  porifioatioo 
from  mixtures  of  them,  offers  frequently  almost  insuperable  difficttltka. 

India  rubber,  as  is  well  known,  is  the  product  of  the  ooaguktioo  of  the 
milky  juices  (emulsions)  of  a  large  number  of  trees,  creepers,  and  shrubs, 
comparable  in  this  respect  to  the  oils,  and  more  particularly  to  the 
terpenes.  Accordingly,  the  commercial  article  can  hardly  be  expected  to 
be  a  homogeneous,  and  still  less  a  pure,  product  in  the  chemioal  ssoas. 
Indeed,  a  cursory  examination  of  a  few  samples  at  once  rsYsals  the  |gSMneii 
in  them  of  water,  sand,  vegetable  fmgments,  fibrss,  wood,  and  other  moiw 
or  lees  accidental  impurities.  These  may  be  removed  bj  a  washing  pfo* 
cess,  which,  however,  can  only  be  satislactorily  carried  out  on  a  eom- 
meroial  scale,  strong  machines  being  needed  for  the  porposa.  The  water 
also  remores  from  the  india  rubber  certain  oarbohydratea  (sngarsX  the 
preaenoe  of  which  in  various  brands  was  diseoversd  by  Ami  Qnuao,* 
together  with  practically  the  whole  of  the  above  named  mechanical  im- 
purities  preaent. 

>  (hmptm  Bmdm,  \xrfL  ^  8S0l 
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The  oarhohydratOB  thus  removed  are  i—ifuudle^  homcsite^  matezite,  and 

InotiU  ocoure  in  Gaboon  rubber;  it  is  identical  with  Girard's  dambose 
(Maqukckb).*  According  to  ite  constitution,  it  is  one  of  the  numerous 
aicreo-iAomoric  lioxaoxy-hexa-methylenes : — 

H    OU 

V 
0 


CeHjjO,. 


C 

A 

HO    H 

The  inoftite  of  Gaboon  rubber  is  i-inosite  (inactive).  It  is  soluble  in 
water,  alcohol,  and  acetic  acid,  atid  crystallises  in  fine  needles  (M.P.  225*  C, 
B.P.  (in  vacuo)  319'  C.). 

BometUe^  mono-met Injl-a-iyiosite  CgHj^Og.CHg,  occurs  in  Borneo  rubber. 
It  ciystallises  in  white  rhombic  prisms,  readily  soluble  in  water,  little 
soluble  in  alcohol.  Its  melting  point  lies  at  from  199*  to  203*  C. ;  at 
205*  C.  it  sublimes  almost  without  decomposition.  It  is  optically  active, 
dextro-rotary  (0^=  +31-6*). 

McUezUe,  which  occurs  in  Madagascar  rubber,  is  the  mono-methyl 
ether  of  i-inosite.  M.P.  186*  C. ;  sublimes  without  decomposition  at 
200*  C.  Very  soluble  in  water,  sparingly  soluble  in  strong  alcohol, 
insoluble  in  absolute  alcohol.     It  is  dextro-rotary  (aD  =  65-7*). 

Damhonite  occurs  in  Gaboon  rubber,  and  is  the  dimethyl  ether  of 
i-inoeite  CjH,qOj(CH,)2.  It  crystallises,  with  three  molecules  of  water,  in 
the  form  of  white  hexagonal  prisms  readily  soluble  in  water  and  alcohol. 
M.P.  195*  C. ;  sublimes  without  decomposition  at  210*  C.  Dambonite  is 
optically  inactive. 

These  sugars  seem  never  to  be  present  in  any  larger  quantity  than 
0*5  per  cent,  but  the  average  percentage  is  rather  lower.  They  are,  of 
course,  completely  removed  from  the  rubber  by  the  washing  operation 
above  referred  to. 

The  drying  of  the  washed  rubber  is  best  performed  in  vacuo,  to  prevent 
the  otherwise  unavoidable  oxidation.  The  substance  then  forms  techni- 
cally pure  rubber,  but  is  by  no  means  chemically  pure,  as  solvents,  such  as 
alcohol  or  acetone,  readily  extract  from  it  certain  oily  and  resinous 
matters.  The  amount  of  these  in  the  difTerent  brands  of  india  rubber 
varies  enormously,  from  1  to  about  40  per  cent  Nor  is  the  quantity 
'  CompUs  Bendus,  civ.  p.  1858. 
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oonitant  in  tho  mom  braud,  the  \em  ao  the  grailar  Um  ftvanfe  ammtni 
of  rMiDouji  iimtter  uttud  in  aoj  gi?eu  brmod.  Tbu%  wliib  the  mboqbI  of 
raoh  mAtioni  iu  PiirA  rubber  variat  from  1  to  3  per  eeoL,  il  wki  in 
LAgoe  rubber  from  3*6  to  7  per  eeot,  and  in  Borneo  robber  from  6  to  SI 
per  cent.  The  renunrmi  of  tbeie  redootie  and  oilj  nmttera  ftom  the  indk 
rubber  U  reedily  effeoted  by  extraotiiig  a  weighed  qimiitltj  of  the  indie 
rubber  wiUi  eoetone  in  a  Sozhlei  eitnctor.  For  thie  purpote  it  k,  bov> 
erer,  e«ieutUl  to  uie  the  rubber  in  the  form  of  tlie  highlj  porooe  veebed 
•heete  •■  they  are  obtained  iu  rubber  (aotoriea.  If  out  pieoei  of  emde 
rubber  are  ueed,  the  oompUte  eitivotioo  beoomea  an  eitremely  ledioaa 
operation.  The  following  tablea  ahow  the  peroentagea  of  eitraei  obtained 
from  various  brandn  of  india  rubber : — 


PaaewTAOi  oy  Rmtnoim  Ezraaor. 

BaAKD  or  Ijidia  RuBata. 

I 

Terry.* 

W«b«.* 

Hewiqeea* 

Pariflnt,    .       . 

1*3  percent 

l*8|Mromt 

1-8  per  Mat 

Ceaim  Senn, 

1-8 

21        .. 

21        .. 

Oolombia,    . 

2-6 

8-8       „ 

8-0 

Monmbiqao, 

30        .. 

8-2       ., 

88 

MaoohTwtot, 

2-»             M 

ft8 

Ugoi.          . 

44       .. 

4-5       ., 

Ri?Jaadit>. 

8-2       ,. 

2ft       „ 

MiMUgMcr. 

8-2       „ 

71        ,. 

8i«f»  Leont,  ml. 

87       .. 

8^ 

BoriMo, 

11-7       .. 

lOD       H 

MMuniMinL 
AfHeu  Bdi,  I..  . 

118       .. 
181       .. 
22*8 

118       .. 
8  8       .. 

n.. . 

261 

... 

AfrlMiiFUke,      . 

' 

«8-«       .. 

••• 

Baku,         .... 
QatUPoroh*  (Penang), 

... 

8-4 

t'8       .. 

••• 

How  far  these  figures  are  correct  depends,  of  coum,  upnti  the 
of  the  Bolvcut  employed — ».&,  its  ability  to  diaaolTe  all  such 
bodies  as  may  occur  in  india  rubber.  Aa  regards  this  point,  it  is  worth 
while  to  draw  attention  to  the  fact  that,  of  the  large  ebm  of  restm 
the  great  majority  are  cither  insoluble,  or  only  partially  soluble  in 
ao  that  the  acetone  might  leave  undiasolved  oertain  reetnooa  bodlas 
occurring  in  india  rubber. 

Indeed,  in  Sierra  Leone  rubber,  both  red  and  white,  I  have  aacwtahiad 
the  presence  of  a  considerable  quantity  of  a  rosin,  in  iu  appearaoee  eloaaly 
reaembling  crude  albane  aa  obtaiued  from  gutu  peroha,  whioh  k  on^ 
Toiy  sparingly  soluble  in  ereo  boiling  aoetona.  Tbe  eomplcta  eztnetioo 
of  this  resiu  from  the  rubber  requires  days,  and  It  ia  not  impoarible  that 


*  Jmtm,  Sot.  CaUin.  Imd,,  1892.  p.  870. 

*  Dtr  Km*a»dk%Ue  nwf  mimt  QtuOm,  Thmdm,  18M. 


•  Ih(d  ,  18M,  p  iff. 
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other  bninds  of  rubber  may  contain  similar  rosins,  so  that  the  above 
figures  might  be  open  to  very  considerable  correction. 

No  such  relations  as  obviously  exist  between  gutta  percha  and  the 
retina  invariably  accompanying  it  have  been  shown  to  exist  between  India 
rubber  and  its  native  resinous  impurities. 

The  nature  of  the  resins  extracted  from  various  brands  of  india  rubber 
varies  very  greatly.  In  some  cases  a  distinctly  oily  extract  is  obtained,  in 
othen  treacly  masses,  in  others  resins  similar  in  appearance  to  colophony, 
or  elemi  resin,  and  in  a  few  cases  white  powdery  products,  in  appearance 
resembling  the  crude  albane  of  g^utta  percha,  but  in  every  case  difTering 
from  it  in  composition.  Respecting  the  chemical  character  of  these  extracts 
nothing  at  all  is  known. 

These  resinous  impurities  determine  to  a  considerable  degree  the 
behaviour,  especially  of  the  inferior  brands,  of  india  rubber  in  practical 
working,  and  they  are  also  supposed  to  have  a  marked  influence  upon  the 
stability  of  the  finished  article.  The  technical  effect  due  to  tlie  presence 
of  these  resins  must,  no  doubt,  be  ascribed  to  their  decided  action  upon  the 
sulphur  in  the  vulcanising  process ;  but  seeing  that  the  presence  of  these 
resins  in  crude  india  rubl>er  does  not  appear  to  affect  its  stability  in  ar. 
appreciable  degree,  it  is  difficult  to  understand  why  they  should  act 
detrimentally  after  vulcanisation — a  process  which  is  j^enerally  admitted, 
and  rightly  so,  to  enhance  its  chemical  indifference.  The  explanation  of 
this  mistaken  supposition  lies  probably  in  this,  that  undervulcanised  india 
rubber,  or  india  rubber  vulcanised  with  an  insufficient  amount  of  sulphur, 
is  well  known  to  be  highly  perishable.  Now,  it  is  evident  that  in  vulcanis- 
ing india  rubber  either  without  taking  into  account  the  amount  of  resin 
present,  or  underrating  that  amount,  more  or  less  of  the  sulphur  intended 
for  the  vulcanisation  of  the  india  rubber  is  taken  up  by  the  resin.  The 
result  is  an  undervulcanised,  and  therefore  unstable,  vulcanisation  product. 
Such  a  product  may  still  contain  free  sulphur,  but  not  sufficient  to  induce 
vulcanisation  at  the  temperature  employed.  This,  of  course,  might  be 
rectified  by  increasing  the  temperature  of  vulcanisation,  but  such  increase 
of  temperature  would  equally  favour  the  combination  of  the  residual 
sulphur  with  the  resin,  so  that  the  final  result  would  remain  essentially 
unaffected. 

A  thorough  study  of  these  *  resins*  will  very  likely  enable  us  in  the 
future  to  determine  in  manufactured  goods  the  chief  kinds  of  india  rubber 
employed.  At  the  present  time  this  is  impossible,  although  it  is  quite 
within  our  power  to  determine  whether  a  given  article  has  been  manu- 
factured from  a  high,  medium,  or  low  grade  rubber. 

It  is  only  to  be  expected  that  crude  rubber,  besides  the  above  named 
carbohydrates,  should  also  contain  albuminous  matters  (proteids)  which 
invariably  form  one  of  the  constituents  of  the  latex  of  the  india  rubber 
tree.  These  proteids  reappear  in  the  india  rubber  if  the  latex  coagulation 
is  effected  by  heat,  chemical  means,  or  desiccation,  the  methods  which  are. 
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at  leMt  at  preaeolk  eoiplojad  In  the  praparmtioii  of  th»  dUformt  biawk  of 
iudU  rubbor.  If  Birrmli*  omtrifti^d  method  wera  gmimaXij  adoplod, 
thi«  impuritj  would  be  almoil  oomplotoljr  aToidod. 

The  percentage  of  tbeae  proteida  in  the  rubber  it  email,  bat«  aa  to  ita 
eiaot  amount,  we  pomem  no  reliable  data.  Seiuomaiim*  quotea  the 
eompoaitkm  of  the  Utez  aa:— 

IndlAnibbcr,  .....      St 

ProtaU  ead  iiiiiM(»l  nutur,  .IS 

Watw,      .  50 

Tbeee  data  are  altogether  too  vague.  Kabadat  give*  the  fullowiog 
analjeie  of  the  latex  of  Heom  broMiUeiuig  i—* 

India  robbv, 8770  pw Mat. 

AlbooMi 190  ,, 

Bifetar  aitrogHMNM  mbttaoM  tolabla  ia  wstir  aiid 

alcohol, 718  „ 

Habttaooo  ■olable  in  w»tor,  insoluble  in  «loobol,      .  t*M  ., 

Wax, 013  ,. 

Water,  lUghUy  add M  87  .. 

Prom  thene  ftguree  it  would  follow  that  Pari  rubber  would  contain 
about  4*3  per  oent.  of  albumiDous  matter,  but  I  oonaider  the  pteeeuoe  of 
auoh  an  amount  highly  queetionable,  although  LaaciLua-SooTr*  atatet  it 
even  higher  than  thia  in  a  latex  of  unnamed  origin 

India  nibber,  .... 

Albomon,      ... 

w,         .  . 

ktlaloUa, 


: — 

.      87-18  pweniL 

271 

»• 

8-44 

t( 

Tnoea. 

417 

•» 

0-28 

tt 

63'8S 

„ 

Water, 

Aooording  to  tbeee  figuree  the  peroeotage  of  proteida  in  the  drj  rubber 
would  amount  to  about  5*6  per  oent  The  abaenoe  of  information '— r*"*^'!f 
the  origin  of  the  above  milk  ia  to  be  regretted,  aa  ifei  very  high  peroentage 
of  sugar  and  ita  quite  unusually  low  peroeotage  of  mineral  matter  alike 
render  it  very  remarkable. 

On  the  large  scale  the  removal  of  theae  proteida  from  the  eommeielal 
india  rubber  is  a  practical  imposaibility.  On  the  small  scale  they  can  be 
eliminated  bj  diseolving  the  india  rubber  and  allowing  the  dilute  aolutioo 
to  atand,  when  the  insoluble  coagulated  proteida  gradually  aettle  ooL  A 
aomewhat  more  expeditious  method  ia  the  eentrifoging  of  the  aoluUoiML 
Prom  these  solutions  the  india  rubber  ia  precipitated  by  alcohol,  and  tba 
product  thus  obtained,  when  dry,  appears  to  have  always  beeo  looked 
upon  as  ohemioally  pure  india  rubber.  At  any  rate,  all  known  aoaljisa  of 
india    rubber,   with    the   exoeptioo  of  thoae  made  by  GLaoeioirB  and 

*  ^Mi.  ^Aptaiiy.  sii.,  1898.  p.  166. 
•I^Cboaldbue ilia dalta/'lwdU,  Paris  1898,  pc  86. 

•  Imaim  iteMcr /Mm.,  v.  Ka  11.  1888. 
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HiBBiitT,>  have  been  made  with  products  freed  from  tlic  various  impurities 
named  above.  The  last  named  were  the  first  to  clearly  recognise  the 
pwopoe  of  oomparativelj  small  and  varying  proportions  of  oxygen  in 
tndia  nibber,  and  they  also  observed  that  by  fractional  precipitation  the 
peroentageof  oxygon  can  be  greatly  reduced,  HlLlKunrh  it«  complete  elimina- 
tioo  was  found  impossible. 

The  elementary  comiKMition  of  india   rubber   as   determined  by  the 
earlier  workers  up  to  1888  has  been  compiled  in  the  following  tables : — 


Fanday. 

Ura. 

WUIiams. 

Bereelius. 

AdrianL 

Oladstone 

and 
Hibbert 

balottlated 

for 

Oi«H,.. 

11-76 
88-24 

HydrogMi. 
Gtfbom    . 

lS-8 
87-2 

10*0 
90-0 

121 
87-8 

12-6 
87-6 

11-94 
87-91 

12  00 
87-46 

It  will  be  seen  that  these  data  agree  fairly  well  with  the  figures 
calculated  for  a  compound  of  the  terpene  type  CjoH,g,  and  this  formula 
is  now  generally  held  to  express  the  quantitative  composition  of 
india  rubber,  although,  in  view  of  the  impossibility  of  producing  an 
absolutely  oxygen-free  pi-oduct,  Hbnriqubs  within  recent  years  pointed  out 
the  possibility  that  imlia  rubber  might  after  all  be  found  to  be  an  oxygen 
compound. 

Paykn  was  the  first  to  observe  that  on  dissolving  india  rubber  the 
greater  part  of  it  passed  into  solution,  but  that  there  remained  always  an 
insoluble  constituent,  consisting  of  very  voluminous  and  gelatinous  flakes, 
which,  under  the  microscope,  presented  a  peculiar  reticulated  appearance. 
For  some  extraordinary  reason  these  two  constituents  appear  never  to 
have  been  analysed  separately.  By  common  consent  the  insoluble  con 
stituent  was  looked  upon  as  an  *  insoluble  modification '  of  india  rubber. 
Gladstone  and  Hibbert^  express  themselves  on  this  point  as  follo\is: — 

"  We  are  inclined  to  believe  that  the  less  soluble  modification  of  the 
hydrocarbon  which  has  been  frequently  observed  is  produced  during  the 
drying  of  the  juice,  for  we  find  that  if  the  more  soluble  part  be  heated,  it 
is  more  or  less  changed,  and  less  susceptible  of  subsequent  solution.  I'he 
change  increases  as  the  temperature  is  raised,  and  also  with  the  length  of 
time  during  which  the  heat  continues.  This  will  account  for  the  very 
varied  results  obtained  by  different  experimenters  as  to  the  proportions  of 
soluble  and  insoluble  caoutchouc." 

Even  more  definite  are  Sbeliomann's  ^  statements  respecting  the  nature 
and  relationship  of  these  two  constituents  : — 

"  Le  caoutchouc  est,  en  effet,  form^  de  deux  substances  isom^riqucs, 
dont  Tune,  solide  et  ^lastique,  r^iste  k  presque  tons  les  agents;   tandis 

>  Jtmm.  Chem.  Soe.,  1888,  p.  680.  «  Ibid.,  1888,  p.  679. 

*  Le  (kunUehtmc  et  la  OuUa  Percha,  Paris,  1896. 
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quo  rautre,  d<»iiii  UqiUde  et  pobMiiM,  est  beauooup  plus  ftofleiDtit  ittiiiWb 
et  dmouie,  Coit  k  oett«  Moonde  mati^  quo  U  gonnio  doii  la  proprUu 
do  00  loudor  4  oUo^mteM  lonqu'on  ■oumot  4  obo  fbrto  nnmptiMinu  mi 
•urikooo  r^oemroont  ooapte.  On  donno  4  la  pi«iiii4ro  moH^  !•  ikmb  do 
nerveuie  ot  4  la  teoondo  lo  nom  d^adkitive.  Si,  par  uno  dktolutiou  appropri^ 
on  i^paro'  coo  doiiz  prineipei  imm^iati  imrnktm^  mooon  d'oai  no  fudo 
loo  proprMUa  dUotiqnoi  oi  eitoooibloo  ao  minio  dogi^;  Q  oombloimil»  dii 
Pay  en,  que  radb^rence  ootre  loo  fllamento,  lubrifi^  par  uno  niati4ro  groooo 
ot  aaoouplie  par  la  portion  ooluble  et  mollo,  ait  M  partioUomool  dteruito." 

It  will  bo  oboonrod  that  Sbbuomahv  doooriboo  tho  two  ooottitaooti  in 
queotion  ao  iaomoro,  and  that  he,  following  Pa  tin  in  thii  roopect,  aoeriboo 
to  tho  inoolublo  oonttituent  important  pbjsical  fuootiono.  In  thio  ho 
appoan  to  haTo  boon  influonood  bj  the  ■tatomonti  of  Tariono  authof%  who 
found  the  poroontage  of  tho  inoolublo  constituent  or  modifioatioo  of  india 
rubber  to  vary  between  30  and  70  per  cent,  or  an  aTorago  of  00  par  cent. 
Glaootonk  and  Hibbbrt,  however,  found  only  4  per  cent,  of  thio  inoolublo 
body  in  ParA  rubber. 

In  Tiew  of  this  very  largo  and  important  discrepancy,  I  reinvestigated 
this  subject.^  The  inner  parts  of  a  loaf  of  crude  Pari  *  were  split  into 
very  fine  films.  As  these  contain  a  considerablo  proportion  of  water,  iboy 
were,  to  be^n  with,  subjected  to  an  often  repeated  treatment  with  aooCooe, 
during  which  they  (originally  orcam-coloure<!  films)  assumed  a  prononneod 
tan  colour.  Finally,  they  were  completely  extracted  with  acotooo  in  a 
Soxhlet  extractor,  and  then,  without  drying,  transferred  into  chloroform. 
After  a  little  over  a  fortnight,  during  which  time  the  bottle  containing 
the  solution  was  frequently  shaken,  a  solution  was  obtained  oonoistuig  of 
two  layers.  The  lower  of  theoo  waa  a  bright  clear  oolution,  while  tho 
upper  consisted  of  small  dots  or  shreds  of  the  insoluble  part  of  the  rubber. 
This  upper  layer,  which  appeared  to  repreoent  a  very  substantial  pso- 
portion  of  the  nibber  used,  was  removed,  and  a  number  of  timoo  treated 
with  fresh  quantities  of  chloroform,  two  or  three  days  intenroning  boiwoeo 
each  of  theee  changes  of  solvent.  This  treatment  was  continued  until  tho 
chloroform  extracted  no  longer  any  perceptible  quantity  of  oolnblo  matter 
from  the  flocculont  jelly,  the  apparent  bulk  of  which  very  greatly  doereaood 
during  this  treatment'    Finally,  the  product  oo  purified  wao  dried  in 

>  Jimm,  Soe.  Cftm.  Imd.,  1000. 

*  Waahed  rubber  which  hat  beta  ibeftid  ia  a '  mbbtr  waahar '  osaaot  bs  asad^as  fai 
thia  operation  the  Oakea  of  the  inaolobla  oonatitaant  era  ao  brokw  up  sad  eomadaotad, 
that  the  whole  afterwards  foma  an  apparently  oonplele^  hmuiUMiiBOS  solalloa  (iahb« 
vamiah). 

*  Ob  a  roo^  wtiinatlftti  this  deereaae  amoonta.  to  quite  fiva-sixtha  of  Hm  wj^asl 
apparent  balk.  Itmight,perhapa.bethoqght  tobednetoapMfanlaiowoolatfaaoftiM 
sappoeed  insohiUs  ooastitiient,  bat  this  tspbastioa  Is  mniUlj  fmrnmL  I 
that  the  pheoonanoa  ia  qoeetioa  is  doe  to  the  iadia  rubber  sohrtioa  aodaf  Kks  a 
upon  the  insolabia  ooastitaent,  the  diaaolviag  aotioa  of  wUbh  is  tba  giwter  Ihs 
the  ooaoeatimtioa  of  the  India  robber  aolatioa.  As  by  iiinriiwivwaAiai 
fonn  the  oonoentration  of  the  rubber  aolatlMi  rapfcUy  diminJthea,  the  iMohiMe  eoaaHtawt^ 
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▼■0110^  wh«ii  it  WM  obUmad  as  a  light  brown  stringy  mass,  the  bulk  of 
whieh  was  almost  infinitesimal  compared  with  tho  volume  it  occupied 
during  its  preparation.  In  various  operations  the  weight  of  the  insoluble 
oonstttuent  obtained  varied  from  3  to  6*5  per  cent,  the  average  being 
about  3*5  per  cent 

In  India  rubber  solvents  this  substance  swells  to  an  enormous  extent 
withoat  any  appreciable  quantity  passing  into  solution.  The  fibrous 
•tmoture  which  thin  sections  of  it  exhibit  under  the  microscope  is  not,  as 
has  been  suggested,  comparable  with  that  of  certain  elementary  animal  or 
TQgotable  tissues,  but  appears  to  be  the  result  of  a  peculiar  process  of  shrink- 
tng  off  the  drying  substance,  producing  a  reticulated  appearance  closely 
rsMmbling  that  of  some  of  the  artificial  colloidal  structures  described 
by  BOtsoru.^    (See  Frontispiece.) 

This  insoluble  body,  even  when  dilated  by  solvents,  is  entirely  free  from 
stickiness,  and  possesses  no  trace  of  thut  adhesiveness,  or  capability  of 
interfusion,  so  oharaoteristio  of  india  rubber.  When  dry,  it  shows  a 
remarkable  degree  of  toughness,  but  very  moderate  distensibility.  On 
analysis,  its  composition  was  found  to  correspond  very  closely  to  that  of  a 
body  expressed  by  the  formula  CgoH^gOjQ'. 

On  the  other  hand,  the  analysis  of  the  soluble  part  of  india  rubber 
without  any  further  purification  led  to  figures  which  revealed  the  presence 
of  still  nearly  2  per  cent,  of  oxygen  : — 

Found.  Calculat<»d  for  CioHu- 
C,      .            .            .        86-61  88-23 

H,     .  .  .        11-69  1176 

O,      .  .  1-89 

By  redissolving  this  product  in  chloroform,  diluting  the  solution  so 
that  it  contains  about  0-1  per  cent,  of  india  rubber,  submitting  this  solution 
to  a  very  careful  fractional  precipitation  with  alcohol,  and  rejecting  the 
precipitate  first  obtained,  a  product  of  a  high  degree  of  purity  resulted. 
The  analysis  of  this  product  led  to  the  figures  : — 

Fonnd.  Calculated  for  CuHjf. 

C,       .  .  .        87*91  88-23 

H,      .  11-86  11-76 

These  agree  very  satisfactorily  with  the  composition  of  a  compound 
C,oH„. 

The  two  results  are  of  extreme  interest,  and,  to  begin  with,  enable  us 
to  rectify  the  erroneous  statement  that  the  soluble  and  the  insoluble  con- 

betng  deprived  of  its  proper  solvent,  or  swelling  agent,  contracts  and  becomes  increasingly 
len  in  bulk,  though  not  in  weight  All  those  who  have  had  a  fair  amount  of  experience 
regarding  the  behavionr  of  colloids  in  solution  will  have  observed  cases  where  a  colloid, 
inaolable  in  a  eertain  solvent,  becomes  soluble  in  the  solution  of  another  colloid  in  the 
same  solvent 

*  Bt^TBCHLi,  Ueber  Structuren,  Leiprig,  1898.    This  book  should  be  in  the  hands  of 
every  student  ci  the  problems  of  india  rubber  and  colloids  generally. 

*  Joum,  8oe,  Chcm.  Ind.,  1900. 
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ttitueote  of  indU  nibbar  aro  idaoUoal  In  tbtir  ooopoiitkNi  (inoMrio).  Our 
daU  further  ouablo  m  to  rofuto  m  inoorroct  tlie  eiaggtratid  ftgiuwi  qooiad 
bjr  vmriout  wHtan  ratpeoting  Um  propottioM  of  tiM  tolubl%  and  of  tb« 
iiiaolublu,  ooMtitoenU  of  indk  nibbtr ;  and  it  it,  at  Um  taiiio  timi^  qoH* 
avident  that  the  proportkm  of  the  latter  It  00  the  aToraga  ao  aaiall  that  it 
would  be  utterly  futile  to  aacribe  to  it  aoj  importanti  or  orao  dlatinetlj 
traoeable,  funoUon  aa  regards  the  taohnieal  atpeot  of  the  pbjileal  prapartka 
of  india  rubber.  We  further  eee  that  QLADaroxi  and  HjBnarli  attempt 
to  aiplain  the  preaenoe  of  the  inaoluble  part  of  iodia  rubber  aa  due  to  the 
aotioii  of  heat  upon  the  Utter  can  no  longer  be  aooeptad,  although  their 
atatament  regarding  the  general  efleot  of  heat  upon  india  rubber  li^  no 
doubt,  true. 

The  moat  remarkable  fact  oonoeming  this  insoluble  portion  la  its  high 
peroentage  of  hjdrogen,  and  the  rery  large  amount  of  oxjrgeo  it  oontaina. 
By  aoroe  kind  of  common  consent  the  oxjgen  which  is  invariablj  preeeot 
in  teohnicallj  pure  india  rubber  haa  been  ascribed  to  the  oiidatiop  of  the 
india  rubber  bj  atmoepheric  oxygen.  This  notion  ia  no  kager  teoaUe^  aa 
our  aboTe  figures  oonolusiyely  demonstrate  that  at  any  rate  the  bulk  of  the 
oxygen  obeerved  in  india  rubber  is  present  in  the  form  of  the  compound 
C^^H^Oip,  which,  whatever  it  be,  can  acarcely  be  deaoribed  aa  an  oxidation 
product  of  india  rubber.  It  appean  to  me  that  there  eodsta  an  important 
genetic  relationship  between  this  compound  and  india  rubber  on  the  one 
hand,  and  the  inosite,  or  inosite  dcrivatiTea  so  commonly  accompanying 
india  rubU>r,  on  the  other  hand.  This  beoomea.  perhaps,  eren  dearer  bj 
obaerving  that 

C»H„0,o  -  8(C,oH„)  +  10H,O. 

In  brief,  I  suggest  that  this  insoluble  compound  is  a  link  between  india 
nibber  and  the  complex  carbohydratea,  the  celluloses  in  particular,  whioh 
I  am  inclined  to  consider  the  raw  material  from  which  the  pUnt  produoea 
nil  the  terpenes,  including  india  nibber. 

There  is,  on  the  other  band,  no  doubt  whaterer  that  india  rubber 
*aboorbs'  oxygen  when  exposed  to  the  atmosphere,  and  thia  oxygen 
aboorption  finally  always  results  in  the  oonTersion  of  the  india  rubber  into 
a  brittle  resinous  body,  generally  deecribed  as  SpiLLxa'ii  reain.  Spuxm 
has  published  an  analysis  of  this  body,'  and  gives  the  following  fignrsa: — 

0,  .       M-00 

H,  .8-46 

0,       .  .  .        27-64 

It  is  interesting  to  note  that  theae  figuros  Tory  axaetly  agree  with  the 
composition  of  a  body  of  the  formula  C,tH^O,^  the  reUtion  of  whieh  to 
our  insoluble  constituent  Cg^H^Oi^  la  obTioualy  significant.  Equally 
interesting  to  obaenre  ia  the  hoi,  inmiediately  dedodble  from  the  aboTe 
given  peroentage  oompoeition  of  Shllik's  rosin,  that  thia  oaddataon  of  India 


>  /Mm.  Cktm.  Jbe.,  vol  ttl.  (B«w  wmim),  IMS,  pw  44. 
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rubber  ooiisiHt^  purely  and  simplj  in  the  addition  of  oxygen  to  the 
uoaaturated  India  rubber  molecule,  and  that  consequently  the  carbon- 
hydrogen  ratio  of  india  rubber — 10  :  16 — remains  unaffected  in  this 
prooen. 

If  we  now  examine  the  analytical  figures,  above  given,  of  the  soluble 
ooostituent  of  india  rubber,  licfore  its  further  purificntion  by  fractional 
precipitation,  wo  find  at  once  that  in  this  case  also  the  carbon-hydrogen 
ratio  is  that  of  10  :  16.  From  this  we  may  infer  that  the  oxygen 
percentage  of  india  rubber  in  its  resin  free  state  of  purity  is  due  to 
two  faotors,  one  of  which  is  the  presence  of  the  insoluble  constituent 
Ci^HggOi^  the  other  the  formation  of  oxygen  addition  products  of  india 
rubber. 

The  insoluble  constituent  does  not  seem  to  be  present  in  all  rubbers, 
but  it  appears  that  whenever  it  occurs  it  does  so  in  rather  small  or  in- 
finitesimal quantities  only.  Whether  its  composition  in  the  various  brands 
of  india  rubber  is  the  same  as  in  Pari  has  not  yet  been  ascertained,  and  will 
be  a  highly  interesting  subject  for  further  enquiry.  The  statement  I  made, 
in  the  paper  in  which  I  first  announced  the  composition  of  the  insoluble 
constituent  of  Pard  rubber,^  that  no  corresponding  body  was  to  be  found 
in  any  of  the  other  varieties  of  india  rubber,  I  can  no  longer  maintain. 
The  failure  to  find  it  in  such  rubbers  as  Lagos,  Congo  ball,  Borneo,  and 
Assam  rubber  was  simply  due  to  the  fact  that  the  examination  was  made 
on  solutions  obtained  from  these  rubbers  after  they  had  been  subjected  to 
the  process  of  washing  in  the  roller  mills  generally  used  for  this  process. 
In  this  operation  the  insoluble  body  is  disintegrated  to  such  a  degree  that 
it  no  longer  separates  out  from  the  solutions  containing  it,  nor  can  it  be 
isolated  from  them  by  filtration.  It  is  there,  nevertheless,  but  can  only  be 
obtained  from  solutions  of  the  crude  rubber.  A  preliminary  examination 
of  a  large  variety  of  commercial  brands  of  india  rubber  in  the  crude  state 
revealed  the  fact  that  nearly  all  appear  to  contain  small  but  appreciable 
quantities  of  similar  bodies.  As  showing  again  how  comparatively 
insignificant  is  the  amount  of  this  insoluble  body,  I  may  already  now  call 
the  attention  of  the  reader  to  the  tables  below,  which  demonstrate  the  fact 
that  the  carbon-hydrogen  ratio  is  for  all  varieties  of  india  rubber  practically 
a  constant,  very  closely  approximating  the  ratio  10  :  16.  Considering 
the  composition  of  the  insoluble  body,  this  is  only  possible  if  its  quantity 
in  every  case  is  very  small. 

Already  in  the  discussion  of  the  composition  of  Spilleii's  resin  it  has 
been  pointed  out  that  this  product  is  formed  by  the  direct  addition  of 
oxygen  on  india  rubber.  We  have  seen  further  that  the  oxygen  present 
in  the  soluble  part  of  india  rubber  is  not  due  to  the  presence,  in  a  veiy 
finely  subdivided  state,  of  some  of  this  insoluble  constituent,  but  that  the 
oxygen  is  in  combination  with  the  rubber  itself.  In  this  case  likewise 
the  constancy  of  the  carbon-hydrogen  ratio  justifies  the  conclusion  that 
»  "On  the  Nature  of  Indi*  Rubber, »*  Jmtm.  Soc.  Chem.  Jnd.,  1900. 
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this  CMriHitkni  prodoet  it  nMrel/  *o  addiUoo  product  of  india  rubber  and 
oxjgvu. 

Th«  followlog  Ubb  ibowi  tbai  thk  it  nol  ooljr  tni0  ol  Ptri  mbbtr 
iUieU,  but  of  all  TtrieUat  ol  iodiA  nibbtr. 


Vv:  !»  IV 

a 

PtoOMt 

H. 
VmOmU 

a 

P^OmL 
lOO-CO^'HX 

aiH. 

P*i4.»     . 

87-87 

11-61 

0-81 

10  :  ISt 

Congo  Bdl.«  . 

8616 

10-8i 

4-Ot 

10  :  16-9 

»» 

8841 

11-07 

9-61 

10  t  16-9 

Boni«>.* 

88  83 

10-88 

9-6S 

10  1  16-0 

M      » 

87-78 

11-28 

1-00 

10  :  16-9 

0«im,«   ... 

8S-S1 

11-41 

6-97 

10  t  18-4 

M    »   . 

88*90 

11-68 

938 

10  :  18-0 

ur».«  . 

8811 

11  64 

9-94 

10  :  181) 

iZrmUoiM,' 

88-88 

11-34 

9-37 

10  1  167 

ftim,*  . 

87-17 

11-47 

1-96 

10  :  16-8 

lUoftbdm,*  . 

87-08 

11^9 

1-68 

10  :  167 

86-41 

11-09 

9-49 

10  :  16*6 

83-68 

10  90 

6-96 

10  :  16^ 

BAhiA.>  . 
toiBiTw,"   . 

86-66 

11-48 

9-98 

10V*18-1 

lUdtflMcmr  (Pinky).*      . 

86-30 

11-06 

9-86 

10  :  16  6 

bSS?^^   . 

86-80 

11-46 

9-86 

10:18-9 

1 

88-84 

11-89 

1^7 

10:18-3 

OttUa  Peroha,' 

84-90 

11-86 

4-44 

10:18 

•t                    •        • 

88-01 

11-78 

0-91 

10  :  18 

'  Purified  by  extracting  with  aoetono,  diMolring  in  Urgt  toIobm  of 
Craotionately  precipitating  with  abaolute  alcohol ;  ftnt  ttwedcn  r^Jaetod. 

*  Pnrifiad  only  by  thoroogh  axCvaetion  with  aoatona. 

Thete  figuret  ibow  clearly  tliat  a  hydrocarbon  of  the  formuU  C^fly^ 
18  the  greatly  preponderating  constituent  of  all  varieties  of  iudia  rubber. 
The  impossibility  of  completely  removing  all  the  oxygen  from  India  rubber 
it  of  very  little  weight  as  an  objection  against  this  conolutioii,  teeing  that 
every  Itiud  of  india  rubber  subjected  to  a  number  of  suceessive  purifying 
treatments  is  obtained  witb  an  increasingly  smaller  peroentagt  of  ozygeo 
until  it  reaches  practically  a  vanishing  polnt^ 

The  oxygen  addition  products  contained  In  India  rubber  do  noi  appear 
to  sensibly  affect  the  chemical  behaviour  of  the  whole,  at  least  not  to 
long  as  the  percentages  of  oxygen  so  present  remain  within  normal  limita. 
This  applies  as  much  to  the  vulcanlsatioo  process  of  India  rubber,  whieh, 
as  a  chemical  reaction,  is  rather  badly  defined,  as  to  the  derivativet  we 
shall  subsequently  discuss.  But  this,  of  ooune,  dott  not  rtlir  lo  the 
teohnlcally  pure  India  rubber,  which  still  oootaint  the  intolablt  oomtitmat 
and  the  '  oily  and  resinous  mattera' 

Considering  the  chemically  Inert  nature  of  these  impurities,  it  it  ml  to 
be  wondered  at  that  their  Influeooe  itpoo  the  ehemJeal  properties  of  faidis 

*  It  it  rathtr  ranaikaUa  to  obnrva  that  there  appaan  act  to  aiit  any  i 
relation  batwaaa  the  amount  of  rHiaooa  axtraet  yiald«d  by  a  awipli  of 
and  ita  paroaataga  of  oxygto. 
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rubber  in  its  technically  pure  form  is  but  slight,  unless,  indeed,  the  percent- 
ages of  rosins  present  become  high  when  their  influence  upon  the  process 
of  Tulcanisation  becomes  correspondingly  marked.  There  is,  however, 
■oaroely  any  doubt  that  the  presence  of  what,  so  far,  in  the  absence  of  any 
more  definite  knowledge,  we  had  to  term  the  'insoluble  constituent'  of 
India  rubber,  must,  to  some  extent,  affect  the  behaviour  of  india  rubber 
against  certain  chemical  agents;  and  I  am  inclined  to  believe  that 
certain  irregularities  observed  in  the  processes  known  as  the  vulcanisar 
Uon  of  india  rubber  are  largely  due  to  the  presence  of  this  insoluble 
ooostituent 

There  remains  only  one  impurity  of  india  rubber  to  be  mentioned,  the 
complete  removal  of  which  is  just  as  difficult,  if  not  even  more  so,  than  that 
of  the  oxygen  addition  products.  This  impurity  in  tlie  technically  pure 
india  rubber  is  generally  described  as  ash,  and  is  the  mineral  residue 
remaining  after  incineration.  This  impurity  probably  may  in  small  part 
represent  mineral  matter  in  an  extremely  fine  state  of  subdivision  which 
the  washing  process  has  failed  to  remove,  but  a  large  part  of  it  is  un- 
doubtedly present  in  the  form  of  organic  salts.  This  conclusion  follows 
from  the  fact  that  on  extracting  india  rubber  with  acetone,  filtering  the 
solution  so  obtained,  evaporating  to  dryness,  and  incinerating  the  residue, 
a  certain  amount  of  'ash'  (in  some  cases  rather  considerable  quantities) 
is  invariably  obtained.  It  is  obvious  that  the  filtered  acetone  solution  can 
contain  this  mineral  matter  only  in  the  form  of  organic  salts.  Indeed,  I 
have  occasionally  obtained  extracts  from  which  small  quantities  of  crystals 
could  be  obtained  which  consisted  evidently  of  such  salts,  but  1  never  could 
procure  them  in  quantities  suflBcient  for  analysis.  According  to  Henriques^ 
such  salts  are  obtained  as  sediments  in  solutions  of  technically  pure  india 
rubber,  in  chloroform,  and  similar  solvents.  Tliat  these  salts  possess  prop- 
erties similar  to  india  rubber,  as  that  author  suggests,  appears  to  me 
highly  improbable.  The  fact  of  their  settling  out  from  india  rubber  solutions 
points  entirely  against  this  assumption.  They  are  most  probably  salts  of 
resin  acids,  and  I  observed  their  melting  points  to  be  very  low,  generally 
much  less  than  100'  C.  As  all  india  rubber,  before  being  washed  on  the 
rollers,  is  subjected  to  treatment  with  boiling  water,  these  salts  would 
naturally  interfuse  with  the  india  rubber  and  the  resinous  constituents  in 
it ;  and  as  they  are,  moreover,  insoluble  in  water,  they  naturally  remain 
behind  in  the  washed  india  rubber. 

The  mineral  bases  present  consist  of  lime,  magnesia,  alumina,  and 
iron,  the  latter,  according  to  Hbnbiques,  in  the  Airican  varieties  of  india 
rubber  being  present  in  the  form  of  ferrous  salts.  The  amount  in  which 
these  bases  occur  in  india  rubber  is  remarkably  constant  in  all  brands. 
Indeed,  the  percentage  of  ash  to  be  observed  in  the  various  qualities 
of  india  rubber  is  subject  to  much  less  variation  than  any  of  its  other 
constituents. 

'  Der  KautBchuk  und  aeine  QttelUn,  Dresden,  1899. 
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The  following  table  givat  the  peroeoteg«  of  aah  obMnrod  in  a 
of  oommerciAl  brands  of  indU  rublier  After  VMbing : — 


OiMi«»B«ll,  0*tl 

Ufo.. 


Fui,  floi^  O'SO  p«r  oMt 

MolUsdo, .  0  60      ,. 

8MiU«8b«t,  0*16 

OubMa,     .  040 

OMmCMMhadoX  3*80 

BMiiRim,  9M 

All  the  figum  above  quoted  are  aTeragei  ealoulated  in  every  caee  froin 
a  large  number  of  individual  determinationa.  Of  ooutm^  the  prwanoe  of 
these  impurities  cannot  at  present  be  employed  for  the  chemical  idcotlAca- 
tion  of  the  various  brands,  although  this  might  beoooM  posrible  as  tiie 
result  of  an  exhaustive  investigation  of  the  quantitative  eompoaitksi  of 
the  ash  furnished  by  different  brands.  On  this  point  our  infonnatioa  is  at 
present  extremely  scanty.  Hbnriquxs'  states  tliat  lime  predominates  iu 
Pari  rubber,  ferrous  iron  in  African  rubbers,  while  tba  prtseoee  of 
msgnesia  appears  to  bt  characteristic  of  Ceara  rubber. 

The  Physical  PnqpertiM  of  India  Rubber. 

India  rubber  in  the  highest  state  of  chemical  purity  is  a  practically 
colourless  subtttance,  the  specific  gravity  of  which  is  0*911  at  I7*C.,  but 
the  technically  pure  article  shows  a  specific  gravity  varying  from  0*915 
(Santos  sheet)  to  0*931  (Machado).  Much  higher  figures— 0*942,  0-966— 
have  been  quoted,  but  I  have  never  been  able  to  obtain  specimens  of  snob 
products. 

In  waier  india  rubber  is  inKoIuble,  but  it  absorbs  about  35  per  cent, 
on  prolonged  immersion,  swelling  considerably  during  this  absorption. 
Hawoook  already  observed  that  water  difitises  through  india  rubber,  and 
the  experiment  by  which  he  demonstrated  this  fact  is  charMtariitio  of 
the  laborious  perMverance  and  patienoe  of  this  worker.  His  oxporiBMut 
is  best  given  in  his  own  words:  "I  suspected  rubber  was  not  entirely 
impervious  to  water,  and  I  had  the  curiosity  to  make  a  bag  of  canvas 
line<l  with  sheet  niblicr,  which  I  filled  with  water  and  sealed  hermetically.'* 
The  following  are  the  figures  obtained  in  this  test : — 

Th«  weight  oo  Oetobar      21, 18S6,  was 

M  25.  1827.  „ 

a,  18M.  .. 

Novcmbrr         1844,  „ 

Octolw  1S49.  „ 

Febnury  1851,  ., 

May  1854.  .. 

Two  yeare  Uter— 1.«.,  after  the  Upse  of  thirty  yean — the  bag  was  cut 
open,  when  it  was  found  to  be  dry,  having  originally  ooolaiiMd  a  little 
over  13  oss.  of  water. 
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The  amount  of  water  absorbed  by  india  rubber,  although  generally 
aooepted  to  amount  to  approximately  25  per  cent,  has  been  found  by 
various  experimentexs  to  Tary  considerably  without,  it  is  stated,  any 
apparent  reaaon.  In  this  relation  it  should  be  pointed  out  that  the 
absorption  of  water  by  india  rubber  depends  very  greatly  upon  the  pro- 
portion of  '  oily  and  resinous '  matter  contained  in  it  Indeed,  by  mixing 
india  rubber  with  oils,  resins,  or  waxes,  its  absorptive  capability  for  water 
at  once  falls  very  considerably.  Conversely,  it  incrcnses  by  freeing  the 
rubber  of  its  resinous  impurities  by  extraction  with  acetone. 

The  water  absorption  of  vulcanised  rubber  is  extremely  small,  certainly 
not  large  enough  to  appreciably  affect  the  insulation  of  a  rubl>er  cable 
after  five  years'  continuous  immersion. 

With  alcohol  india  rubber  behaves  much  as  with  water,  the  quantity 
absorbed  avemging  about  20  per  cent 

Aceiime  swells  the  iudia  rubber  even  more  than  alcohol,  but  without 
dissolving  any  trace  of  it 

All  the  organic  cicuis  slightly  swell  the  india  rubber,  but  are  otherwise 
without  any  perceptible  action. 

Etien  and  dhen  produce  a  swelling  of  the  india  rubber  very  much  in 
excess  of  the  similar  action  produced  by  any  of  the  previously  named 
solvents.  This  applies  more  particularly  to  ethyl  ether,  which  is  often, 
though  erroneously,  stated  to  be  a  solvent  for  india  rubber. 

The  most  importint  solvents  of  india  rubber,  approximately  in  the 
order  of  their  rate  of  ellicieucy,  are  turpentitie  {pineue\  dipenteue^  petroleum 
tpiritf  carbon  bisulphide,  benzene  and  its  homologues,  and  chloroform.  Of 
these,  petroleum  spirit  and  lemene  and  its  homologues  are  especially  notable 
on  account  of  their  technical  importance.  For  the  purposes  of  research 
a  mixture  of  carbon  bisuljthide  with  10  per  cent,  of  absolute  alcohol,  and, 
more  generally,  benzene  and  chloroform^  are  especially  suitable. 

According  to  Hanausek,^  the  solubility  of  india  rubber  in  various 
solvents  is  as  follows : — 


100  parts  of  ethyl  ether 
,,         tarpentine 
„         chloroform 
„         petxx)leuin  spirit 
„         solvent  nsphthft 
„         carbon  bisulphide 


dissolye 


Ceara. 
2-6 
4-5 
8  0 
1-6 
4-4 
0-4 


Negrohead. 
8-6 
6  0 
87 
4-5 
60 


Sierra  Leone. 
4  6 
4-6 
8-0 
4-0 
4-7 


The  solubility  in  benzene  of  various  brands  of  india  rubber  is  qriven 
by  Hbsrbs'  88  under: — 


Ooayaquil, 
Pari. 

CarUugena, 
Borneo,  . 
African,  . 
Ceara, 


20 

17 

161 

18-8 

12-7 

120 


per  cent. 


>  Jahresber.  Chem.  Tech,,  1886,  p.  1143. 


Mozambique,     .        .  11  6  per  cent. 

Rangoon,  ...  91       „ 

Qnieeembo,                 .  9-0       „ 

Thimbles.  ...  8*6       ,, 

Negrohead,  7*8       ,, 

Madagascar,  5*7       ,, 

«  Polfft.  Joum.,  221,  p.  891. 
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Mow  the  lolabiUtlw  in  tho  thott  two  tMm.  whieb  f  •vwlMtinclj 
quoted,  have  been  AiriTed  at,  1  have  not  been  able  to  aaeerUin,  not  haviof 
■een  the  papen  oC  the  two  anthon  im  wsUam,  1  havi^  htm^fm,  bo 
tioo  in  deieribing  these  figitns  ■•  miileading  and  aliofitlMr 
for  the  itiinple  reaeon  that*  at  far  aa  my  very  ntunenNM  obeerratkna  fo^ 
India  rubber  po«MMei  no  mtlMiiiif  ai  att  im  iMs  gmtnUig  arr lyffrf  mm* 
of  thU  term.  India  rubber  is  either  inoolublo  in  a  glvtn  OMdhta,  or,  if 
'soluble,'  it  is  so  in  absolutely  all  proportions.  Nor  do  any  of  thsae 
authon  seem  to  have  observed  the  fact  that  the  *  solubility'  of  india 
rubber,  which  in  this  case  simply  means  the  degrse  of  ease  vith  whieb  it 
passss  into  solution,  depends  Teiy  greatly  npoo  the  eondition  under  wfaieh 
it  is  subjected  to  the  aotion  of  the  solvent  The  *  solubility'  of 
(though  dry)  india  rubber  in  its  original  state  is  always  very  mueb 
than  that  of  the  same  rubber  after  it  has  been  washed,  and  tht 
the  india  rubber  has  been  subjected  to  the  operations  known  ss 
rolling,  or  kneading,  the  more  rapidly  does  it  pass  into  solution. 

But  under  whatever  conditions  india  rubber  is  subjected  to  solvents 
there  is  no  d^MU  tolubility,  for  the  simple  rssaon  that  such  a  thing  as 
Kuturation  doet  nol  exiti  in  india  rubber  solutions,  only  concentration  or 
dilution.  Indeed,  the  actual  fact  is  that  such  a  thing  as  an  india  rubber 
Holution  does  not,  strictly  speaking,  exist.  India  ruf*ber  *  $oltiium$ '  are  nai 
9oluHan$  of  india  rubber  in  a  toioent,  but  toluHom  of  a  $o-called  tolvemi  in 
india  rubber — a  distinction  with  a  considerable  differenoe.^ 

If  we  place  a  piece  of  india  rubber — for  the  pnrpoee  of  this  experi- 
ment preferably  masticated  india  rubber — in  one  of  its  'solvents*'  the 
rubber  does  not  pass  into  the  solvent,  but  the  latter  pssses  into  the 
swelling  it  very  greatly,  permeating  erery  part  of  it^  and 
colloidal  jelly.  On  adding  mors  of  the  solvent,  the  same 
itself  imtil,  very  gradually,  we  reach  a  point  when  the  jelly  bsgina  to 
On  the  addition  of  fresh  quantities  of  'solvent '  to  this  jolly,  the 
to  separate  from  the  liquid  employed  as  oil  from  water,  and  only  very 
gradually  does  the  latter  enter  into  and  further  distend  the  jelly ;  whersas^  if 
normal  solution  took  place,  we  should  expect  to  see  the  jelly  melting  away 
into  the  liquid.  But  the  whole  process  is  of  an  exactly  opposito  chamelw. 
This  becomes  strikingly  apparent  if  we  add  to  such  a  jelly  a  ftiitber  qnanUiy 
of  solvent  and  stir  vigorously.  In  this  oass  we  obtain  at  first  an  apparently 
thin  solution,  which,  however,  on  dose  examination,  will  be  found  to  posssm 
all  the  characteristics  of  a  gross  emulsion  of  the  jelly  in  the  solvent.  On 
continuing  the  sgitation,  the  apparent  thin  solution  rapidly  begins  to 
thicken,  often  giving  one  the  impression  that  the  addition  of 
had  actually  resulted  in  producing  a  mors  viscous  'solutioo*  than 
possessed  before  this  dilution.  By  the  time  the  jelly  hai 
with  solvent  to  such  an  extent  as  to  reprssent  the  antlqgiie  of  aboni  a 
4  per  oent.  solution,  we  have  rsaobed  snob  a  dogrse  of  fluklity  that  f^ntber 

*  Tb«MM,iiid««i«ppli««.|Mr<jMMStDanth«B»-«dl«lnhrtfoae«fsolM^ 
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ndditions  of  the  solvent  appear  to  mix  at  onoe  homogeneously  with  the 
whole  solution. 

GLAixrroNB  and  Hibbbrt'  observed  that  heating  reduces  the  solubility  ^ 
of  india  rubber.  If,  however,  the  heat  be  applied  to  it  in  coujunction 
with  a  mechanioal  kneading  treatment,  its  solubility  vastly  increases. 
Thoroughly  '  masticated '  india  rubber  does  not  take  as  many  hours  to 
disBolTe  as  the  crude  product  requires  days. 

The  cause  of  this  extraordinary  physical  behaviour  is  not  at  present 
understood,  although  we  know  that  neither  the  applicatitjn  of  heat  by 
itself  to  india  rubber,  nor  the  combined  influence  of  heat  and  mechanical 
working,  induce  any  perceptible  chemical  change.'  The  ph3r8ical  change 
is,  however,  marked  enough.  It  finds  expression,  as  already  remarked, 
in  the  much  increased  solubility  of  the  product,  and  also  in  the  increase 
of  its  plasticity  at  the  expense  of  its  elasticity.  This  change  l)ecomes  the 
more  marked  the  longer  the  rubber  has  been  mechanically  worked.  But 
these  observations,  upon  which  rest  important  technical  applications,  are 

1  Joum.  Chem.  Soc,  1888,  p.  679. 

*  By  thia  term,  here  and  in  future,  as  applied  to  india  rubber,  I  mean  simply  to 
designate  the  relative  ease  of  forming  a  pseudo-solution. 

'  This  statement  might  be  called  in  question  in  view  of  the  fact,  well  known  to 
pnctical  workers,  that  the  longer  india  rubber  has  been  worked  mechanically,  the  more 
salphnr  it  requires  for  vulcanisation.  It  must  be  borne  in  mind,  liowever,  that  to  the 
manufacturer  the  term  '  vulcanisation '  denotes  merely  the  physical  aspect  of  the 
change  produced  in  india  rubber  by  sulphur  at  higher  temperatures.  The  discovery  that 
this  physical  change  is  due  to  the  formation  of  an  addition  product  of  india  rubber  and 
sulphur  is  of  quite  recent  date,  and  even  at  present  there  are  still  some  workers  who 
either  altogether  deny  the  formation  of  such  compounds,  or,  if  they  admit  it,  consider  it 
as  without  influence  upon  the  physical  result  of  the  vulcanisation.  Therefore,  if  the 
manufacturer  describes  a  certain  article  as  vulcanised,  he  does  so  merely  upon  the  evidence 
of  its  physical  properties,  without  any  regard  as  to  whether  this  article  contains  any  free 
sulphur,  and — if  so— how  much,  or  whether  it  does  not  Now,  while  in  the  author's 
opinion  this  book  furnishes  conclusive  proof  that  the  vulcanisation  is  the  physical  effect 
of  the  chemical  combination  of  india  rubber  and  sulphur,  the  degree  of  the  jihysical 
eflect  thus  produced  is,  however,  a  rather  complicated  function  of  the  amount  of  sulphur 
combined  with  the  india  rubber  (sulphur  of  vulcanisation),  and  of  the  physical  state  of 
the  india  rubber  when  subjected  to  vulcanisation.  While,  therefore,  for  india  rubber  in 
the  same  physical  condition  the  physical  vulcanisation  effect  increases  proportionately 
with  the  amount  of  combined  sulphur,  equal  quantities  of  combined  sulphur  in  different 
samples  do  not  necessarily  imply  physical  equality  of  vulcanisation.  In  the  latter 
respect  two  chemically  equivalent  samples  differ  according  to  the  difference  of  the 
physical  conditions  of  the  india  rubber  from  which  respectively  the  two  vulcanised 
samples  were  obtained.  A  highly  interesting  application  of  this  fact  is  to  be  found  in 
the  manufacture  of  ebonite  (hard  rubber).  For  the  manufacture  of  this  ))roduct  the 
india  rubber  is  mechanically  worked  into  a  state  of  complete  plasticity,  almost  entirely 
destroying  its  elasticity.  Vulcanisation  is  then  effected  with  a  very  large  quantity  of 
sulphur,  yielding  a  tough,  highly  elastic  product  If  the  india  rubber  were  as  little 
worked  as  is  customary  for  the  manufacture  of  soft  rubber  goods,  the  high  degree  of 
vulcanisation  would  result  in  the  production  of  a  very  hard,  but  extremely  brittle, 
product  In  other  words,  the  great  physical  difference  between  rubber  worked  for 
varying  lengths  of  time  does  not  appreciably  affeflt  its  chemical  behaviour  towards 
hulphur,  although  it  greatly  influences  the  physical  effect  of  the  vulcanisation. 
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M  yet  ({iiuo  unaccounted  for.  60  w  aiao  ifio  weU-known  fun  that  Um 
inedumioU  straogth  of  iadi*  rubber  whioh  hM  ooet  ba«i  rlimlml  it 
^^'raitlj  inferior  to  that  of  the  crude  rubber,  a  diiroreoee  whiob  •v«b 
penuste  after  TulcaoiiaUoo,  and  which  flndt  •tpreMkm  in  th«  oalftiMl 
oommeroial  dUtiucUon  of  out  theet  mbbtr  tm  •gainat 
rubber/  and  between  the  goodi  maoufaotored  from  aiUiar  of 

It  ia  not  turpriting  that  theea  facta,  in  oonjunotioo  with  tho 
tliat  rolled  (oalaodorad)  abtota  of  India  rubber  ahow  a 
differenoe  in  tflodle  ftnogth  in  the  directiona  reapeetivelj  of  the  leo^fth 
and  width  of  the  aheet,  ahould  have  given  riae  to  the  opinioo  that  indla 
rubber  poaaeaaea  aomething  akin  to  the  warp  and  weft  atruotora  of  a 
textile  fabric.  Indeed,  thia  crude  analogue  maj  jet  be  found  to  have 
some  foundation  in  an  ultimate  definite  diapoaition  of  the  moleculea  d  all 
colloids  in  the  plastic  state  at  right  anglea  to  anj  atrain  acting  upon  the 
colloidal  aggregate.  It  is  certainly  verj  curiona  that  all  eoUoida,  which 
in  the  plastio  state  are  formed  into  films,  ahould  poaaeaa  oooakiersblj 
greater  strength  across  the  sheet  or  film  than  along  it 

To  the  unaided  eye  india  rubber,  as  all  other  colloids,  spfiean  quite 
stnioturoleaa.  The  reticulated  structure  attributed  to  it  by  Patbx  ia 
perhaps  due,  not  so  much  to  its  porosity,  aa  to  a  particuUur  fonn  of 
distribution  throughout  its  mass  of  the  above  mentioned  insoluble  eoo- 
Mtituent  WnsNiR  *  has  also  observed  this  retioolated  structure  in  aome 
kinds  of  india  rubber,  but  certain  varietiee  he  found  to  be  entirely  without 

AH  varieties  of  india  rubber,  viewed  under  the  polarising  mieroaoope^ 
exhibit  brilliant  interferenoe  colours,  particularly  if  thin  aeetkNia  are 
strongly  compressed  between  two  slides. 

According  to  Exnbb,  india  rubber  possesses  'perfect  elaftkity.'  But 
this  statement  is,  to  say  the  least,  certainly  misleading.  It  is  neither  true 
of  crude  nor  of  manufactured  (vulcanised)  india  rubber,  and  ia  probablj 
only  another  instance  of  the  incorrect  way  in  which  the  word  'ebatie'  ia 
so  often  used,  by  none  more  so  than  by  rubber  manufacturer!  themaelvea. 
In  scientitic  terminology  that  substance  ia  regarded  as  having  the  higbeal 
coeflicient  of  elasticity  which  requires  the  greateat  atieaa  to  piodiiee  a 
given  deformation  or  strain.  Thus,  the  hardest  ateel  ia  more  perfectly 
elaatio  than  a  piece  of  india  rubber,  but  it  ia  oertainlj  not  ao  atralehafale 
or  distensible. 

The  diatensibility  of  india  rubber  tooreaaaa  oooaiderably  with  the 
temperature,  ainl  is,  in  the  orude  product^  the  aame  in  every  direetioo.  It 
appears  so  far  to  have  escaped  obeervation,  thati  00  diatenaion,  india  rubber 
acquires  a  strong  negative  electric  charge — kc,  loaes  elecCiie  po^ntial,  This 
interesting  phenomenon  can  easily  be  obeerved  bj  atratchiog  over  an 
ordinary  gold-leaf  electroeoope  a  email  aheeti  prafmblj  unvulcanlaed,  of 
pure  india  rubber.  On  removing  the  sheet  while  ami  ill  the  atielehed 
condition,  the  leaves  will  be  found  to  diverge  widely.  On  relweing  the 
>  WinsBR,  IMitel^  lad  ed.,  1900,  tSC 
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stretolMd  sheet,  it  returna,  of  course,  to  its  ori^innl  condition,  and  the 
potential  beoomee  normal  On  exposing  distended  india  rubber  to  low 
tempeimtare^  the  diatension  remaini  permanent  at  ordinary  temperature, 
but  g^radually  disappean  on  heating.  Urb  found  the  specific  gravity  of 
india  rubber  in  the  normal  and  in  the  distended  condition  to  be  0*9259 
and  0*9487  respectively.  On  first  heating  india  rubber  in  the  distcudcd 
oooditiOD  to  116*  0.  and  then  cooling  it,  no  contraction  occurs,  and  the 
djatanejon  is  rendered  pennonent. 

Not  unconnected  with  the  above  described  electrical  phenomenon 
aooompanying  the  distension  of  india  rubber  is  probably  the  fact,  observed 
by  JouLB,  that  distension  is  accompanied  by  the  evolution,  and  contraction 
by  the  absorption,  of  heat.  In  agreement  with  this  is  the  observation  due 
to  Ttndall  that  india  rubber,  distended  to  three  times  its  length,  contracts 
on  warming.  On  closer  examination  of  this  phenomenon,  Scumulbwitsch 
showed  that  this  contraction  occurs  only  if  a  considerable  load  is  attnched 
to  the  india  rubl>er :  under  a  light  load  further  distension  takes  place  on  the 
application  of  heat.  Accordingly,  there  exists  an  intermediate  load,  under 
which  the  degree  of  distension  of  india  rubber  remains  constant  at  various 
temperatures. 

On  submitting  unvulcaniscd  india  rubber  to  heat,  its  softness  and 
stickiness  increases,  it  becomes  more  plastic.  Subjected  to  low  tempera- 
tures, it  grows  very  stiffi  almost  homy.  This  behaviour  is  considerably 
altered  by  vulcanisation,  the  effect  of  which  is  to  render  the  physical 
properties  of  india  rubber  almost  indifferent  to  temperature  changes  within 
the  interval  of  from  0"  C,  or  even  somewhat  lower,  to  100°  C.  On 
immersion,  however,  into  boiling  liquid  air,  even  vulcanised  india  rubber 
becomes  hard  and  as  brittle  as  glass. 

The  rate  of  diffusion  of  different  gases  through  india  rubber  septa  was 
found  as  follows  by  Qraham  ^ : — 


Nitrogen,  ....  1 

Carbon  monoxide,  1*118 

Air 1149 

Methane, 2  148 


Oxygen, 2  656 

Hydrogen,        ....     5500 
Carbonic  acid 13*585 


Graham,  whose  experiments  in  this  direction  were  based  upon 
corresponding  observations  made  by  Dr  Mitch bll  of  Philadelphia,  sug- 
gested that  "  those  gases  penetrate  most  readily  which  are  easily  liquefied 
by  pressure,  and  which  are  also  generally  highly  soluble  in  water  or  other 
liquids,"  and  he  assumes  that  the  gases  entering  into  the  rubber  septum 
are  liquefied  in  it,  permeate  it,  and  are  again  evolved  on  the  other  side. 

Wroblbwski  arrived  at  the  following  conclusions  in  an  investigation  on 
the  absorption  of  gases  : — 

1.  Henry  Dalton's  law  for  the  absorption  of  liquids  and  gases  applies 
also  to  india  rubber  and  gases. 

2.  The  absorption  coefficients  of  vulcanised  india  rubber  are  linear 

>  FhU,  Trans.,  1866.  899. 
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functiotiM  oi  111. 

for    iiitruuA   oij'i'     I        r  vt 

lijdrogMi  iaatmam  with  the  teroperatur. 

8.  The  alMorplioo  of  H*  '  '         ;:mi  ii  a 

purely  pbyiiad  pbenonnni 

4.  OnUuun'b  bjpotht  tuoo  of  Um  fMtt 
within  the  indiA  rubb- 

5.  The  abiorbed  ^aneout  tute  and  reUin  til  Um 
propertkt  obMmoterijitio  uf  thv  Utter. 

6.  The  g»Me  di«trtbut«  thenmelTet  through  the  iodia  rubber, 
to  the  Uws  of  thermal  oonduotivitj  of  solid  bodies,  which  Uws  spplj 
to  the  absorptkm  phenoniena  of  all  substADoes. 

7.  The  oonstant  />,  of  nitrous  oxide,  carbonic  scid,  and  hjrdrogea  is 
independent  of  the  chemical  nature  of  the  gases,  and  also  of  their  eo> 
efiicienta  of  absorption  and  saturation. 

8.  It  depends  only  upon  the  phjsloal  propsrCiflt  of  tlM  gasssy  Ihslr 
specific  grsTities  more  particularly.  Approximately  it  Tmries  inTetsely  m 
the  square  roots  of  their  specific  gravities,  with  this  sseepUon,  hovever, 
that  the  specifically  very  light  gases  possess  a  much  greater  constant  than 
what  would  follow  from  the  above  relation. 

9.  In  the  case  of  nitrous  oxide  and  carbonic  acid  the  constant  D, 
iucreases  with  the  temperature. 

10.  At  10*  C.  it  amounts  for  these  gases  to  about  0*03  of  the 
corresponding  value  for  carbonic  acid  and  water 

11.  An  india  rubber  septum  acts  like  a  porous  plate,  poaasssiiig  the 
property  of  condensing  gases.  The  porosity  of  india  rubber  is  of  the 
same  order  as  that  of  solid  graphite. 

12.  From  Grabim's  experiments  it  may  be  inferred  thai  also  in 
heated  metals  the  constant  Z>,  is  smaller  for  the  gases  of  lower  speeitle 
gravity. 

In  a  series  of  experiments  on  grey  vulcanised  india  rubber,  HOncm* 
arrived  at  the  following  condusions : — 

1.  Within  a  nuige  of  temperatures  from  5  to  35*  C  there  is  no  definite 
absorption  coefficient  of  india  rubber  for  air.  The  apparently  existing 
absorption  is  an  absorption  of  oxygen  only,  causing  probably  the  oitdatioo 
of  the  india  rubber. 

2.  Within  a  range  of  temperatures  from  15  to  35*  C.  India  rubber 
a)i>or)>s  no  mcasumble  quantities  of  nitrogen,  and  tho  same  is  true  of 

:i  Hydrogen  within  a  range  of  temperatures  from  -  S  to  •!•  IS*  C 
4.  On  the  other  hand,  at  a  temperature  of  -  3*  C  india  rubber  absorbs 
s  own  volume  of  carbonic  acid. 
ZuLKowBKi  has  shown  that  the  absorptkm  of  ethylene  and  of  the  hifhar 
aromatic  hydrocarbons  of  coal  gas  is  sufficiently  roarfced  to  Interfife  with 
the  illuminating  power  of  the  gas.     India  nibber  is  able  to  ahsovb  8*64 
>  Aum,  PAys.  Om.,  N.F.  p4X  L 
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par  oant.  of  tti  weight  of  these  gases.  It  must,  however,  be  pointed  out 
Uuit  these  gises,  when  liquefied,  are  all  energetic  solvents  of  india  rubber, 
and  this  absorption  is  therefore  equivalent  to  the  absorption  of  water  vapour 
from  the  air  by  hygroeoopio  substances. 

Regarding  the  molecular  weight  of  itidia  rubber  nothing  of  any  definite 
nature  is  known  at  present.  Its  statistical  formula,  on  the  basis  of  the 
best  analyses  made  with  the  most  highly  purified  products  obtainable,  may 
safely  be  accepted  as  CioHj^,  but  is  very  probably  many  times  larger.  It 
cannot  be  smaller,  for,  although  C^H^  would  express  its  percentage  com- 
position equally  well,  Gladstonb  and  Hibbbrt  ^  have  shown  (see  page  23) 
that  for  CjqHjj  india  rubber  contains  three  ethylene  bonds.  From  the 
behaviour  of  india  rubber  against  sulphur  monochloride,  the  author  ^  has 
deducted  the  formula  C^H^^q  as  a  ])ossible  minimum,  and  certain  other 
chemical  facts  since  discovered  have  rendered  this  formula,  or,  as  an  alter- 
native, C^H^  as  well  within  the  range  of  possibilities,  without,  however, 
settling  this  im])ortant  point. 

Gladstone  and  Hibbbht*  attempted  to  ascertain  it  by  determining  the 
depression  of  the  freezing  point  of  a  10  per  cent  solution  of  india  rubber 
in  benaene,  but  the  ol)served  depression  was  so  exceedingly  small,  that  if 
Raoult's  law  holds  good  in  this  case,  the  molecular  weight  of  india  rubber 
would  appear  to  be  of  enormous  magnitude. 

Action  of  Heat  upon  India  Rubber. 

Under  the  influence  of  comparatively  moderate  degrees  of  dry  heat  the 
tackiness  of  all  brands  of  india  rubber  increases  more  or  less  rapidly,  but 
no  comparative  investigation  of  the  softening  effect  of  heat  upon  the  differ- 
ent brands  has  been  made.  It  is,  however,  well  known  in  rubber  works 
that  certain  brands  of  india  rubber  cannot  be  hung  up  to  dry  in  the  form 
of  sheets  after  the  washing  process,  as  they  become  so  soft  as  to  fall  to  pieces. 
It  must  not  be  supposed,  however,  that  this  softening  of  technically  pure 
rubber  is  a  property  of  the  india  rubber  hydrocarbon  itself  absolutely.  In 
commercial  qualities  of  india  rubber  the  resinous  and  oily  substances  all 
possess  very  low  melting  points ;  in  many  cases,  indeed,  they  are  liquid  or 
semi-liquid  at  ordinary  temperatures.  At  higher  temperatures  they  act 
upon  the  india  rubber  as  solvents,  and  in  this  manner  often  greatly 
exaggerate  what  might  seem  to  be  the  softening  action  of  heat  upon  india 
rubber.  For  this  reason  the  temperature  at  which  any  given  brand  of 
india  rubber  begins  to  soften  or  melt  can  only  be  stated  within  very  wide 
limits,  as  it  varies  for  the  same  brand  according  to  the  percentage  of  resins 
present.  Indeed,  india  rubber  has  no  true  melting  point.  With  the  rising 
temperature  it  grows  softer  and  stickier,  reaching  sooner  or  later  a  con- 
dition in  which  it  can  no  longer  be  handled  without  adhering  to  everything 

*  Jottm.  Chem.  Soc.,  1888,  p.  682. 

'  Joum.  Soc,  Chem.  Ind.  [xv.],  1894,  p.  16. 

*  Jrmm.  Chem,  Soc.  1888.  p.  691. 
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it  UmdMi,  and  eventtudlj  it  jmmm  into  a  mort  or  lea  tuid  lUliu  Th« 
point  At  wliioh  thii  oooura  it  goMnUlj  ttated  to  lio  at  »  UnpmtUnn  of 
about  170  to  180*  a  TliJ%  bowever,  referi  firobablj  to  indk  robbv  (ftii) 
cooUining  its  qmiaI  amoant — 1*0  per  cent. —of  oilj  and  roriaoot  mallar. 
The  melting  point  of  indta  rubber  purified  bj  extraction  vith  aeeCoM  ovtaialj 
lies  inuob  bigber.  GuAUioirB  and  Hibbmit  '  found  that  oo  iM^ii^  s  nl«- 
Uon  of  pure  Pari  in  toluena  to  900*  0.  for  two  boon,  and  then  rtlrtlBiif  iiff 
tbe  lolTent  at  1 13*  C,  there  was  left  a  residue  of  abeolutelj  unaltered  iodia 
rubber.  Eren  when  heated  at  310*  C.  in  a  Sprangel  Tioiiani,  the  ialia 
rubber  waa  found  to  be  onlj  superficially  melted,  though  after  that  treat- 
went  it  dissolTed  ftrj  slowlj  hi  benaene. 

The  combined  action  of  heat  and  mecuanicai  working  upon  inaia 
rubber  is  much  more  marked,  and  it  is  of  coosidenible  taehnical  importanea 
It  has,  generallj  speakings  tbe  effect  of  gradually  increashig  lis  plMtidty 
and  adhesiveness  at  the  expense  of  its  eUsticitj  and  oohesioQ.  TUi  sAei 
is  Tery  enrioos  and  cannot  be  expUined  by  the  abeoqiCioo  of  oxygso  bj  the 
india  rubber  during  the  treatment^  as  this  amounts  to  only  from  0*0  to  1 
per  cent  If  this  oxidation  is  preTcnted  by  carrying  out  tbe  whole  opsnUioo 
in  an  atmosphere  of  carbonic  acid,  tbe  result  is  still  the  same.  More 
remarkable  still  is  the  fact  Uiat  the  longer  the  above  treatment  is  oootinnedv 
the  greater  is  the  amount  of  sulphur  required  to  obtain  a  certain  mechanical 
standard  of  ▼ulcanisation,  or,  in  chemical  terms,  the  higher  is  the  amount 
of  combined  sulphur  required  in  the  india  rubber  in  order  to  prodooe  a 
solid  and  stable  vulcanisation  product  For  this  reason  it  is  obvious  that 
in  the  production  of  soft  rubber  goods  the  india  rubber  should  be  worked 
as  little  as  possible ;  whereas,  for  the  production  of  hard  rubber,  the  longv 
it  is  worked,  the  better  for  the  purpose.  Mikdbb's  statement*  that  artklaa 
produced  from  *  long  worked '  iudia  rubber  are  liable  to  decay  rapidly  is 
therefore  entirely  misleading ;  they  are  so  only  if  the  degree  of  vnlcanisatioo 
has  not  been  adapted  to  the  altered  physical  conditions  prodneed  in  the 
india  rubber.  But  this  is  equally  true  of  india  rubber  in  any  other  ooo- 
dition. 

Although  no  perceptible  decomposition  takes  pU^e  at  the  temperatnrs 
given  above,  iodia  rubber  liquefied  at  this  temperature  is  found  to  have 
undergone  a  great  change.  On  cooling,  it  remains  very  soft  and  sticky, 
and  although  on  long  standing  it  may  return  to  a  mors  solid  oonditioa,  tha 
former  elasticity  of  the  india  rubber  has  disappeared,  and  it  axhifaits  now  a 
brittlenees  much  resembling  that  of  certain  kinds  of  bitumen.  To  aoooont 
for  this  remarkable  ohange,  Hbinxbrli.ho  •  snggesis  that  the  conweisioe  of 
the  india  rubber  into  a  tarry  mass  by  heat  may  be  a  procsai  similar  to  tbt 
convenion  of  starch  into  starch  paste.  This  analogy  is,  howevir,  loo 
superficial ;  it  barely  expresses  the  physical  aspect  of  the  observod  feoH^ 
and  it  is  either  inadequate  or  misleading  if  applied  to  tbe  exphmatto  of 


*  Jomm,  Chmm,  Ac,  1888»  ^  BM.  *  Ommmd  JUMb,  li.  M. 

•  AiMk  dtr  KatUackuk'  md  OmUm-PtnU-Wmmrm,  BeHUMshwiiib  1MB. 
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the  obemical  aspect  of  the  obnnge  m  ^ucntioD.  For  whereas  the  procoss  of 
the  liquefaction  of  starch  is  a  hydration  process  dependent  upon  the  inter- 
action of  starch  and  water  under  the  influence  of  higher  temperature,  the 
liquefaction  of  india  rubl^er  under  the  influence  of  heat  involves  no 
chemical  reaction ;  it  is  most  likely  due  to  a  physico-chemical  or  molecular 
change  comparable  to  the  conversion  of  paraldehyde  into  aldcliyde.  In 
other  words,  the  liquefaction  of  india  rubber  is  probably  due  to  the  breaking 
up  of  the  no  doubt  very  large  india  rubber  molecule  into  smaller  molecules 
of  the  same  empirical  formula.  This  is  shown  by  the  fact,  which  will  be 
dealt  with  in  detail  later  on,  that  india  rubber  in  its  primary  state,  as  well 
as  after  liquefaction,  at  any  temperature  up  to  200*  C,  and  even  the 
products  of  the  dry  distillation  of  india  rubber,  all  possess  the  empirical 
formula  CjoHj^,  and  form  a  bromine  addition  product  CjQHjgBr^.  But  there 
is  this  difierence  between  these  conversion  products  and  india  rubber,  that 
the  higher  the  temperature  at  which  they  have  been  formed,  the  more 
soluble  and  the  more  reactive  they  are,  and  this  also  holds  good  for  tiic 
bromides  of  these  conversion  products  as  compared  with  the  bromide 
obtained  direct  from  india  rubber.  Now  this  break  up  of  the  india  rubber 
molecule  is  carried  to  its  extreme  limits  in  the  dry  distillation  of  india 
rubber.  This  has  been  investigated,  with  highly  interesting  results,  by  a 
number  of  observers.  Nevertheless,  the  subject  is  one  still  inviting  research, 
and,  even  as  far  as  it  has  been  dealt  with,  one  that  requires  revision  in  a 
number  of  points. 

The  dry  distillation  of  india  rubber  was  first  investigated  by  Himly,i 
at  almost  the  same  time  as  by  Bouchardat.^  But  no  more  recent  investi- 
gation than  that  of  Williams*  in  1860  appears  to  have  been  made.  From 
the  distillation  products  three  definite  compounds  were  isolated  :  isoprene 
CjHg  (B.P.  37-38°  C),  caoutchene  CioHjg  (B.P.  171*  C),  and  heveene 
(B.P.  315*  C).  According  to  Bouchardat,  the  crude  distillate  also  contains 
a  butylene  C^Hg  boiling  at  between-  18  and  0*  C.  Five  kilos  of  fresh 
Para  rubber  yield,  besides  a  small  quantity  of  gases,  250  grms.  of  isoprene, 
2000  grms.  of  caoutchene,  and  600  grms.  of  heveene.  The  rest  consists  of 
very  heavy  oils  possessing  very  high  boiling  points.  There  is,  however,  no 
doubt  that  these  yields  depend  largely  upon  the  conditions  under  which 
the  distillation  is  carried  out,  although  the  qualitative  products  remain 
the  same  in  every  case.  Now,  while  this  shows  that  the  production  of  the 
above  named  bodies  in  the  dry  distillation  of  india  rubber  does  not  indicate 
three  or  more  different  lines  of  cleavage  in  the  molecule  of  the  latter,  it 
points  very  distinctly  towards  the  assumption  that  these  three  or  more 
compounds  stand  in  close  genetic  relation  to  each  other.  If  we  disregard 
the  observation  of  Bouchardat  that  a  small  quantity  of  butylene  is  formed 
in  the  dry  distillation  of  india  rubber,  an  observation  which,  so  far,  has  not 
been  confirmed,  we  find  that  all  the  characteristic  products  formed  in  this 

>  Antu  Chenu,  27,  41.  •  Bullet.  Soe.  ehinu,  24,  108. 

•  Proc.  Boy,  Soc,  10,  617. 
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proegM  ftre  eharMtariMd  bj  the  mom  parwaligie  WBtpwitfflti,  and  CiMir 
mipeotlfe  molooiilAr  oouiplexet  bj  Um  gooeml  formiik  (C\I1J«  vhieh 
al«o  includes  tba  mother  tubirtMioe,  indk  rubber  itself.  Tbie 
reodeni  it  highlj  impri  beble  that  aoj  of  the  ebore  ttuned  eo 
iiumediete  producU  of  the  dettroctiTe  distilUtioQ  of  indk  rubber,  biti 
mther  tuggeeu  that  thej  ere  ell  doe  to  the  dietotagmthiD  fd  lei|V 
moleoulee.  With  regard  to  ieopreoe,  thia  ia  acaroelj  open  lo  doobl^  iaa»> 
much  lu  TiLDnf  ^  ihowed  it  to  be  one  of  the  produota  of  the  dcatrveliva 
di«tilIutioQ  of  Tarioua  terponea.  The  fact  that  of  the  above  named  bodlaa 
only  iaopreoe,  and  neither  oaoutohene  norhereene,  JaeapaMeolpoljmarim 
':oti  into  india  rubber*  ronderi  the  existenoe  of  the  hexane  ring^  in  the 
aolocule  of  the  hitter  at  leadt,  rery  doubtful.  Bat  thia  doobi  lnooiiiaa 
i  oortAinty  in  the  light  of  the  nwulta  obtained  by  (fLAMoraand  Hnsor* 
in  the  uptical  examination  of  india  rubber.  In  ioTeatigating  the  optioal 
properties  of  india  rubber,  taking  Cj^H^^  aa  the  moleoule  of  thia  oompoond, 
tUetw  authors  dedired  to  ascertain  whether  the  Cj^Hj^  moleeule  ol  india 
t  libber  contains  one^  two,  or  more  pain  of  doubly  linked  carbon  atoma. 

'*  The  theoretical  refraction  and  dispersion  equiTalents  of  C|^|f  in  the 
'  lirce  conditions  above  mentioned  would  be  as  follows,  aasuming  that  each 
pair  of  doubly  linked  carbon  atoms  would  produce  the  same  inorsment  aa 
in  the  aromatic  series  " : — 

C,aH„  pCi-l 

1  pair  of  doubly  linked  OMbooa,  73  0 

a       »  ..  M  76  2 

«       ..  ..  ..  77  4 


Glamtonb  and  Hibbert  found  that  Uio  optical  oonsteali  of  india 
rubber  exhibit  considerable  variations  in  diflbrent  spectmeniL  These 
variations  appear  to  be  in  direct  proportion  of  the  amount  of  oxygen 
present,  whidi,  it  is  safe  to  assume,  attaches  itself  to  the  donbly  linked 
carbon  atoms  present,  thereby  suspending  the  double  bond  and  lowering 
both  the  refraction  and  dispersion  equivalents.  However,  two  especially 
carefully  prepared  samples  yielded  the  following  figures  on  examination : — 

amtfU,  P*i*-i  ptt^ 

No.  10.* 76-S7  B-er 

No.  11,      .        .  n-6»  6M 

These  figures  leave  little  doubt  that  india  rubber,  for  C|^|^  contains 
three  pairs  of  doubly  linked  carbon  atoms. 

•'If  this  be  the  case,  the  molecular  formuU  cannot  be  C^II^  Uke 
isoprene,  or  Cj^H^  like  citrene,  aa  these  would  give  reapeotivdj  one  and 
a  half,  and  four  and  a  half,  pairs  of  carbon  atoms  nnited  by  double  linking. 

>  Tnau,  ClUm.  &e.,  45.  410.  •  TlUMW.  CMw.  Nmn,  ISM;  ^  MS. 

*  Jamm,  CAna.  Soc,  18Sd.  p^  680. 

*  Theae  nombws  tis  takan  fhaa  Um  asperimMitMl  tmkm  gjivw  ia  th 
rtpeatadly  quoted  papor. 
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It  oaimot  ooDtain  the  heza^nal  ring,^  but  must  bo  expressed  graphically 

bj  a  chain  formula.     This  may  aooount  for  the  wide  diffcrenoe  of  properties 

between  oaoutohouo  and  the  various  essential  oils. 

"  The  general  results  of  the  destructive  action  of  heat  upon  caoutchouc 

may  therefore  be  considered  as  involving  no  change  in  the  proportion  of 

carbon  to  H,  but  changes  of  structure  in  the  hydrocarbon  which  are  best 

repreeented  by  the  following  optical  constitutional  formulse.     In  this  table 

C"  is  used  for  G,  having  the  refraction  equivalent  6*1  and  the  dispersion 

equivalent  0*66  "  :— 

flntwt&nML  Optical  Constitutional 

oaonanoe.  Formula. 

India  rubber  (polyprene),  .  .  fiCeC4n}e 

Itoprene,  .....  CTiCH, 

OMQtchene  (dipentene),  .  C^C^Ui^ 

Hereene,  .....  nCjCjHg 

One  is  forcibly  reminded  by  these  facts  of  the  very  similar  type  of 
reactions  exhibited  by  a  well-known  camphor,  geraniol,  and  geranial,  its 
aldehyde.     Geraniol  has  been  shown  to  possess  the  formula  CjoH^gO 

(CH,),CH.CH^CH  :CH.C(CH,) :  CH.CHa(OH). 

On  oxidation  with  bichromate  it  yields  an  aldehyde,  geranial,  C^oHigO 

(CH,)aCH.CH^CH  :  CH.QCH,) :  CH.CHO, 

and  this,  on  treatment  with  dehydrating  agents,  splits  off  water  with 
formation  of  cymene.  This  transformation  is  an  exact  parallel  to  the 
formation  of  dipentene  and  heveene  in  the  destructive  distillation  of  india 
rubber.  We  have  at  any  rate  here  the  same  transformation  of  an  olefinic 
carbon  chain  (geranial)  into  a  derivative  of  a  cyclohexane.  This  process,  in 
its  application  to  the  india  rubber  problem,  is  so  interesting  that  it  is  worth 
while  illustrating  more  clearly  the  formation  of  the  hexane  ring  from  the 
open  chain.     This  is  best  done  by  the  following  graphical  representation  : — 


^ 


CH|  GHg  CH3  CHy 

)H  CH 

CH,  0 

CH.OCH  CH    CH 

I  II  IP 

CH     CH  CH    CH 

V  Y 

I 


CH, 


CH, 
Geranial.  Cymene. 

In  its  results  upon  the  optical  constants  of  the  two  compounds  this  process 
is,  however,  exactly  the  reverse  to  what  we  observed  in  the  case  of  india 
rubber.     It  will,  of  course,  be  observed  that  this  is  simply  due  to  the  fact 

'  The  exactly  contrary  statement  in  the  article  *'  India  Rubber,**  in  vol.  i.  p.  311  of 
Thorpe'g  Diet,  of  Appl.  Chem.,  ia  obriously  a  misquotation  by  the  compiler  of  that 


articl 


c. 
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ttuit  ill  the  o«ao  of  germokl  tho  ring  fomuiiioQ  u  not  <uic,  m  in  tkte  mm  of 
iiidia  rubber,  to  a  phjtied  tmnwag&mmi  of  oarboo  boiKlt»  but  Id  a 
dehydration  proo6«  which  ratulu  io  tho  fonnaUon  d  a  baoMoo  teiratlve 
M  dbtiiiguiihed  from  a  torpeoo. 

Now,  if  we  apply  to  goraniol  the  ■ama  proef  of  debjrdraUoo  wbieb 
from  geranial  led  to  ojrmane,  it  ti  obrioua  that  wa  iboukl  obtain  a  eooi- 
pound  C,oH,^  a  tarpena.  Thia  important  axpariroant  wat  eanied  out  by 
Sbmmlkr,^  and  resulted  in  the  formation  of  an  undoubtad  tarpena.  The 
optical  analjiii  of  thii  tarpena,  garaniana,  indicated  tba  eiiitwica  in  ii  of 
three  ethylene  bonda,  full  proof  of  which  wat  fbmiehad  by  tha  fonnatloo 
of  an  addition  product  Cj^Hi^Br^.  This  ahowi  that  in  garaniena  we  have  a 
tarpene  which  itanda  evidently  in  the  name  relation  to  India  rubber  aa 
tha  monooyclioal  terpenea  to  the  polyterpenet.  Juit  aa  tliere  is  a  homo- 
logona  aariee  of  cycloterpenea,  the  terma  of  which  differ  from  eaeb  oChar 
by  an  increment  C^H^  and  all  of  which  anawer  tha  general  formula  (C|Hg)b 
80  alao  there  ia,  no  doubt,  a  aeriee  of  olefinio  or  open  chain  terpenea,*  of 
which  geraniene  and  india  rubber  are  extreme  t«nna. 

The  connecting  link  between  theae  two  aeriea  ia  the  hemiterpene  isopr^oe 
Cjllg,  which  on  polymeriaation  may,  and  indeed  doea,  form  atmnltanaooaly 
repreaentativea  of  both  aeriea ;  for  we  know  already  that  in  the  polymeraa- 
tion  of  iaoprene,  india  nibber,  the  olefinic  polyterpene,  ia  formed  at  tha 
same  time  aa  the  cydoterpene  dipentcne. 

The  oonstitution  of  this  connecting  link,  iaopfaoe^  baa  long  been 
doubtful,  but  haa  recently  been  elucidated  by  Ipatistp  and  Wmoar.* 
Already  Tnj)nr,^  however,  came  to  the  oonoloaion  that  the  cooatitutioo  of 
isopreno  would  most  probably  have  to  be  ezpreaaed  by  the  graphieal  formula 
CH,-C(CH,)-CH-CH^  which  compound  he  described  aa  /l-methyl- 
crotonylene,  although  he  did  not  succeed  to  furnish  experimental  proof 
for  this  assumption.  Wallach's*  inveatigatioiia  thoroughly  annilnnad 
BouGHAROAT'a'  sud  TiLOEN'a  reaulta,  and  he  farther  eatabHriied  tha  p«ini 
identity  of  the  terpene  Cio^is*  formed  by  the  polymariaatioo  of  iaopiane 
with  cymene  (dipentene). 

The  first  approach  towards  experimental  oonfirmatioo  of  TiUNDi'a 
formula  of  iaoprene  was,  howcTcr,  fumiahed  by  Oadhatiet,^  who 
from   tha    moooohlorhydrata   of    iaoprene   obtained    a    tertiary  aleohol 

CHgv 

dimethyl-TinylcarbinoL    Soon  afterwarda  the  aame  author*  foond  lhat» 

>  B«r.,  24.  MS. 

•  With  th»  exDsptioa  of  iadia  lubbtr,  ao  highsr  Isna  sf  ths  sliiafa  ff  wi  wria  is 
known  St  prmattbaaOMHi^  hot  ssmal  isoowis  of  tkk  Ibrania  sad  o«i«  sn  sfawd j 
known. 

•  Jamn,rrwkL(Mmn,  Cn  »,  ^  1. 1896.  «  OUn.  Mnsi.  M.  m. 

•  Ann,  CUm.,  S27,  S92.  •  ice.  fit,  «  JalL  Ac  dUis.  (S^  «M«> 
■  Jomm,  rum.  ekmn,  Om,,  SO,  i.  706. 
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on  heating  with  weak  alcoholic  hydrochloric  acid,  isoprene  is  tninsformed 
into  an  isomerio  diinethyl-allene,  which  transformation  he  expressed  graphi- 
cally thus : — 

CH,=CH-CC         +HC1    =    CH,=CH-C< 

CI 

yCHg  yCHji 

CH,=CH-0<         -Ha    =     CH,=C=:C< 

I   X3H,  X}H, 

So  far  all  the  addition  products  of  isoprene  obtained  by  the  above  named 
authors  are  liquids  possessing  somewhat  indefinite  physical  characteristics, 
and  more  or  less  prone  to  decomposition  on  distillation.  But  in  1895 
MoKiBWSKT  >  succeeded  to  obtain  a  solid  crystalline  body  (M.P.  81'  C.)  by  the 
action  of  hypochlorous  acid  upon  isoprene.  The  empirical  formula  of  this 
substance  was  found  to  be  CjHjoOjCl^.  Besides  this  solid  body,  which  he 
regarded  as  an  addition  product  of  two  molecules  of  hypochlorous  acid  with 
one  molecule  of  the  hydrocarbon  C^Hg,  he  obtained  a  liquid  (B.P.  141*  C), 
the  analysis  of  which  led  to  the  formula  GgHuOCl,  and  which,  on  treat- 
ment with  alkali,  yielded  trimethyl-ethylene  oxide  and  a  glycol.  From 
this  MoKiEWSKY  inferred  that  in  the  distillation  of  pinene  through  red- 
hot  tubes,  by  which  process  he  had  obtained  the  raw  material  for  his 
investigation,  a  mixture  of  trimethylethjlene  (OH8)20  =  CH.CH3  and  of 
a  hydrocarbon  C^Hg  is  obtained,  the  latter  constituting  the  bulk  of  the 
distillate. 

This  fact  must  appear  particularly  interesting  since  Ipatiew  and 
WiTTORF  *  succeeded  in  isolating  trimethyl-ethylene  also  from  the  products 
of  the  dry  distillation  of  india  rubber.  The  hydrocarbon  C^Hg  accom- 
panying it,  they  isolated  in  the  shape  of  a  dihydrobromide  of  the  formula 
CjEigBrg,  and  this  substance  was  found  to  be  identical  with  the  dihydro- 
bromide obtainable  from  the  above  mentioned  y3-dimethyl-allene.  This  led 
the  authors  to  conclude  that  the  hydrocarbon  C^Hg,  isoprene,  must 
possess  the  constitution  of  a  )3-methyl-divinyl,  as  only  such  a  compound 
could  be  expected  to  yield  the  same  dihydrobromide  as  the  unsymmetrical 
dimethyl-allene.  This  will  become  perfectly  clear  by  a  perusal  of  the 
following  graphic  representation  : — 

%3-CH  =  CHa  +  2HBr    =       *\CBr  -  CH,  -  CH,Br 

ch/  ce/ 

Isoprene  (fl-methyl-divinyl)        Dimethyl-trimethylene-bromide. 

>=C=CH,-j-2HBr       =       '\cBr  -  CH,  -  CH,Br 
^^,  CH,/ 

iS-dimethyl-allene.  Dimethyl-trimethylene-bromide. 

In  completing  his  proof  of  the  constitution  of  isoprene,  Ipatiew  ^  shows 

*  Joum.  ru$s.  ehem.  Oes.,  27,  516. 

*  Joum.  prakt.  Chem.  [2J,  65,  1.  »  Ibid.  £2],  55  4. 
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tiint  ititt  action  of  alooboUe  potoah  apoo  diint 

wbethar  prepared  from  bopreae  or  /Mimeibjl .. 

■ame  hydrocarbon,  boiling  at  from  32  to  33*  C. 

boiling  point  of  thii  hydrocarbon  (C^Hg),  aa  well  a*  *»•  «/v... 

altogether  preclude  the  aHumption  of  ita  oonatituUoii  btfaiig  ti 

a  Mcondary  or  di-eubatituted  acetylene,  nor  of  /S^imethyl-alktM,  m  ikmi 

ibcru  rtiiinins  for  iaopreno  only  tho  formnU  of  /3-metbyl-divinyl, 

That  the  peculiar  diiitribution  of  the  ethylene  bonds  in  metliyl-divinyl 
muHt  actually  exist  in  iitoprenc,  he  provea,  not  only  by  the  identity  of  tilt 
dihydrobromide  of  isoprene  with  the  dihydrobromide  of  allene^  but  mort 
{mrticularly  by  the  fact  of  it  producing  with  hypochloroua  acid  a  diclilar> 
hydrine,  a  property  vory  characteristic  of  hydrocarbons  of  the  diallyl  type. 

The  fiual  proof  of  the  identity  of  isoprene  with  /3-methyl-divinyl  waa 
subsequently  furnished  by  Eulbr,^  who  succeeded  in  preparing  /3-methyl- 
divinyl  synthetically,  and  found  it  in  all  ita  remarkable  propertiea  identical 
with  isoprene.  Ha  used  as  his  starting-point  the  obaerration  of  Cumicuji 
and  Maonaohi,'  that  dimethyl- pyrollidyl-ammonium-iodide  on  tieatmant 
with  caustic  potash  yields  diviuyl.  There  being  a  /3-methyI-pyroUidiiie 
known,  it  was  to  be  expected  Uiat  this  substance  could  be  similarly  coo- 
verted  into  /3-methyl-divinyl  This  he  acoompliahad  by  the  loUowing 
reactions : — 

L 

CH^CH.CH.v  CH,.CH.CH-v       yCH, 

I  >NH+2CH,I+K0H  =  I  >N4-CH,+KUH^ 

3-iiMtbyl-pyroIlidinc.  3metbjlHliiiMrthyl*jiyn>Uidyl< 


CH, 


IL 
CH,.CH.CH, 


CH.CH.v       /CH,  CH»0-CH, 

I  >N4-CH,  +  K0H  -  I  yru    +  H/) 

il-nnUqrl-diaMtbyl-pyrolUdiaii 
CH,.CaCH,  CH,C«CH,         r^ 

/HnaOorl-triaBsUqrljTfoDldtyl- 

IV. 

CH,.C«CH,      ^jj^  CHrC-CH, 

AH»CH^N<g2|   +  KOH  -  in-CH,  +  H(CHJb-^«*H/) 

^^  ^-Mthyl-diriayL 

Jottm.  prnkL  Chemi,  [2],  (7.  181.  *  Jl*^..  18.  2080. 
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The  )8-methyl  diviu)!  ncil    is  in  every  respect  ideutical   with 

iaoprene,  the  constitution  <  >  is  therefore  definitely  csUibliMhecl. 

I  have  dwelt  upon  this  matter  of  the  constitution  of  iaoprene  to  an 
extent  which  mighty  perhaps,  appear  rather  beyond  the  scope  of  this  book. 
But  1  would  point  out  that  this  book,  although  purporting  to  be*  an  ana- 
lytical treatise,  is  also  intended  for  the  use  of  those  to  whom  india  rubber 
is  more  than  a  raw  material  for  technical  purposes,  and  to  those  an  account 
such  as  the  above  will  appear  deeply  interesting  and  even  helpful. 

It  has  been  already  repeatedly  stated  that  isoprene  under  various  con- 
ditions may  be  polymerised  again  into  india  rubber,  which  process  is, 
however,  invariably  accompanied  by  the  polymerisation  of  a  considerable 
part  of  it  into  a  cycloterpene,  sesquiterpene,  and  even  higher  members  of 
the  cycloterpene  series.  The  process  is  no  doubt  a  very  complicated  one, 
and  is  entirely  unknown  how,  and  what  description  of,  an  open  chain  is 
formed  representing  india  rubber.  All  we  can  say  on  this  i)oint  is  tliat  no 
configuration  containing  cyclical  rings  of  any  sort  would  result  in  a  product) 
the  configuration  of  which,  as  regards  the  number  of  ethylene  bonds  in 
the  CjqHjj  unit,  could  be  brought  into  accordance  with  the  above  quoted 
results  of  the  refraction  equivalent  of  india  rubber.  The  manner  in  which 
isoprene  can  polymerise  into  derivatives  of  the  cycloterpene  series  is,  how- 
erer,  quite  obvious,  and  will  readily  be  seen  from  tbn  two  following  diagrams. 


HC 


CH, 

in 


HC 


HC 


CH 


HC 


CH, 


CH 


HC        i 

H,C        C 
H, 


CH 


CH 

/\ 
C        CH, 
H, 


CH 

CH,  CH, 
Terpene  CjoH,,. 


CH 

CH,  CH, 
Sesquiterpene  Cj,H,«. 


in  which  the  dotted  bonds  show  the  junctions  of  one  molecule  to  the  other. 
It  will  be  observed  that  even  polymerisations  such  as  these  are  very 
complicated  processes  indeed,  involving  a  peculiar  process  of  migration 
of  hydrogen  atoms. 

By  far  the  bulk  of  the  products  of  the  destructive  distillation  of  india 
rubber  consists  of  the  well-known  cycloterpene  known  as  dipentene,  the 
constitution  of  which  may  be  expressed  graphically  : — 
CH,  —  CH  —  CH, 
-C=CH, 


CH, 


a"'— Terpadiene. 


CH, C(CH,):CH 

Besides  occurring  naturally  in  various  essential  oils,  it  may  be  obtained  in 
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A  ▼mrietj  of  wmyn  from  dtlMr  eerUiii  Urptoit  or  t^rpeo*  d«rfvalifi«,  TIm 
boiling  point  of  dipontooa,  tho  oumtobtiM  ci  Um  okbr  littfmutrt,  vm 
obMnred  bj  Wallaob  at  178*  C.i  ita  tpwiAe  fimvitj m  0845.  DiptatMt 
it  optieallj  inaotiTo,  ami  aa  ail  iu  derivAtivw  am  alao  bo  prvfiarwl  bj  nil- 
ing  together  equal  quantities  bj  weight  of  Um  eorreapoudiag  ^mriftitm  of 
leaTo-  and  dextro-limooooe,  it  followa  that  dipaoteM  is  tho  rsPMiiio  aodiio^ 
tion  of  Uroonene. 

A  rather  ooosiderable  proportion  of  distillate  yielded  bj  th*  drjr 
distilUtion  of  indta  rubber  ooosisls  of  heveene  Ci^H^  a  SMi|iiilsi|WS, 
IIP.  255>265*  C.  lU  coDttitutioo,  Uks  that  of  the  seK|ttit«rpso«  fai 
geoenl,  is  still  quite  unknown.  It  osrtainlj  cannot  be  that  of  the 
sesquiterpene  figured  on  page  28,  since  OLAoeroifi  and  HnHnrr  shoPid 
heveene  to  oontain  one  pair  of  doublj  linked  carbon  atoms  for  l\H^ 

The  Tery  oonsiderable  remaining  part  of  the  india  rubber  disttUaie 
consists  of  bodies  boiling  above  SOO*  C.  These  bodies  are  not  oolj,  Uko  tW 
lower  boiling  fractions,  hydrocarbons,  but  their  oompoaiiioQ  still  iMMiluim 
to  the  formula  (CjqHj^,.  They  are  therefore,  no  doubC»  dit«rp«M%  tod 
perhaps  even  in  part  still  higher  polyterpenea.  For  the  diseotengknMBt 
of  mixtures  of  this  description  our  present  methods  are  ineftetiv. 

The  amount  of  carbon  remaining  behind  oo  the  destniotlv«  "fjitflhlfm 
of  india  rubber  is  surprisingly  small  ^indeed,  so  small  as  to  suggest  thai  it 
is  more  due  to  its  albuminous  and  other  impurities  than  to  the  india  rubber 
itwlf.  From  3  kgms.  of  carefully  washed  and  Tacuum-dried  india  rubher 
(Pari)  I  obtained:— 


Uoptm, 

IMftfnM.-  •-Spvewt* 

Dipratne. 

=•46-0      ,. 

HeTMoe, 

-17H>      ., 

PolytsrpsnM, 

-MS      .. 

GkrbonieridiM, 

-  !■•      .. 

Mineral  midiM,     . 

1«     ,.     -  0-6      „ 

Lo«  (water  and  gM» 

48     .,     -  1  4       .. 

To  draw  inferenoes  from  these  figurse  as  to  the  ebemieal  eooititution 
of  india  rubber  is  extremely  difficult,  if  not  altogether  premature.  The 
formation  of  these  compounds  may  be  accounted  for  in  three  ways,  and 
I  believe  that  a  careful  study  of  the  behaTiour  of  india  rubber  at 
temperatures  below  the  point  at  which  dry  dJililktion  beglnt  would 
throw  much  light  upon  the  mechanism  of  this  splittang-up  prnoass  TIm 
split  might,  in  the  first  instance,  occur  in  its  totality  at  a  given  tempenu«u% 
about  red  heat^  resulting  in  the  total  resolutioD  of  the  india  rabbtr 
molecule  into  isoprene.  In  this  case  the  terpenes  and  polylvpMas 
preoent  in   the  distillate  would   hav«  to  be  looked  upon  as  oeeoodary 


the  boQiag  point  is  givw  as  1 74  -5*  a ,  bet  thk  wm  wit  lika^ 
on  a  itill  imporB  prodoet 

«  ItwillUobnrrodthat  thiiyiddofe  p«  sMt  of  isopeae  is 
than  the  yield  obtained  bjr  BouoBAsnAT  {m  pege  tt).    Tide  ie  no  doabt 
dinueaoe  of  the  eoaditioas  taadm  whUk  the  diy  distillHiBa  wae  oerried  oaL 
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products — i.f.,  as  polymerisation  products  of  tho  isoprcne.  If  this  is  so, 
it  would  follow  that  the  jiold  of  iaoprene  should  increase  with  the  rate 
at  which  the  distillation  is  carried  out,  and  should  also  bo  increased  by 
carrying  the  distillation  products  rapidly  from  the  hot  retort  by  means  of 
a  current  of  some  inert  gas.  Or  the  action  of  the  heat  might  produce  a 
gradual  deeintegration  of  the  rubber  molecule,  accompanied  by  rearrange- 
ment of  Cf-chains,  into  cyclical  form  and  products  of  the  oolophene  type, 
the  break -down  of  which  might  then  produce  dipentene  and  isoprene,  with 
the  possibility  of  the  formation  of  the  latter  being  due  to  the  further 
splitting  up  of  the  dipentene  ring. 

In  this  cuse  valuable  information  would  be  obtained  by  heating  the 
india  rubber  for  various  lengths  of  time  to  temjicraturcs  somewhat  below 
the  point  at  which  actual  distillation  begins,  and  examining  the  changes 
occurring  both  physically  ^  and  chemically.  It  might  be  further 
ascertained  whether  dipentine,  when  distilled  through  red-hot  tubes, 
yields  appreciable  quantities  of  isoprcne.  Or,  lastly,  the  india  rubber 
might,  in  the  first  instance,  without  any  change  in  the  size  of  its  molecule, 
be  converted  into  its  corresponding  cyclical  modification,  which  then  would 
probably  possess  considerable  stability,  and  therefore,  when  breaking  up, 
yield  at  once  all  the  above  characterised  products  side  by  side.  Although 
the  data  furnished  by  an  exhaustive  investigation  would  perhaps  scarcely 
carry  us  very  far  towards  the  solution  of  the  question  of  the  constitution 
of  india  rubber,  they  could  not  fail  to  be  of  the  highest  scientific  and 
technical  value. 

As  above  stated,  the  behaviour  of  the  various  brands  of  india  rubber 
against  temperatures  upwards  of  100°  C.  varies  considerably  as  regards 
the  temperature  at  which  the  india  rubber  becomes  softened  or  liquefied. 
But  there  appears  to  be  no  difference  whatever  in  the  products  of  the 
break-down  of  india  rubber  by  heat  as  it  occurs  in  the  process  of  dry 
distillation.  All  brands  of  india  rubber,  including  Balata  and  gutta 
percha,  seem  to  yield  the  same  series  of  hydrocarbons  as  Par4  itself.  It 
can,  however,  scarcely  be  said  that  this  point  has  been  closely  studied,  and 
it  is  quite  possible  that  further  research  in  this  direction  might  reveal  diflTer- 
ences  in  these  distillation  products  which  would  in  some  degree  explain  the 
very  marked  physical  and  chemical  differences  of  the  various  brands  Qf 
india  rubber. 

Chemical  Behaviour  of  India  Rubber. 

The  chemical  behaviour  of  india  rubber  has  received  less  attention  than 
that  of  any  other  colloid-  The  explanation  of  this  fact  is  no  doubt  to  be 
found  in  the  circumstance  that  india  rubber  is  a  colloidal  hydrocarlx)n. 
The  absence  of  reactive  carboxyl,  hydroxy  1,  or  amido  groups  deprives  the 
india  rubber  molecule  of  those  peculiar  lines  of  cleavage,  the  existence  of 
which  determines  the  nature  and  constitution  of  the  break-down  products 
'  Especially  refrectrometrically. 
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of  oonplei  inol0eolet.  And  this  ebamical  ioiiiflbfwwt  of  India  robbtr 
Ijooomw  itUl  moro  aooeutuAUd  owing  to  iu  eolloid«l  ■tola.  Ind^ad,  bol 
for  tba  eiiiUnoe  of  a  numbtr  of  doablj  liolud  oarboo  olono  io  Um 
molaottb  of  India  robber,  (hit  mbilaDet  would  in  ohawloal  ladlibrineo 
equal,  il  not  exceed,  the  higher  inerobera  of  the  panAo  eertoiL  Aa  H  K 
all  the  more  doAoice  chamieal  roaotioos  of  todia  rubber  are  metkne 
reeolviiig  000  or  more  of  tta  double  oarboo  bonda— raaotlone  fenetaUj 
loading  to  the  formation  of  addition  produota.  Very  few  oolj  of  theee 
hare  been  deeoribed,  and  none  of  them  tboroughlj  invMgated. 

ADodiflt.— Neither  aqueoM  nor  alooholio  iolutioao  of  the  alkaliee 
appear  to  have  an  appreciAble  action  upon  India  rubber— at  aoj  rati^  not 
at  tero|)eraturee  below  100*  C.  It  is,  however,  elated  ^  that  on  prolonged 
digestion  in  theee  solutions  the  India  rubber  beeomee  etiekj  and  'gnaer.' 
This  change  is  probaWly  an  iaoroerisation  ohange  similar  to  the  one  whioh 
ooours  when  iudia  rubber  is  heated  bj  itMlf  to  higher  temperatorea 

Rather  iuterestiDg  is  the  obeenration  *  that  on  prolonged  digeetioo  with 
ommontfa  the  india  rubber  paaees  into  the  state  of  an  •■*"L*i"«,  in 
ap|>earanoe  closelj  resembling  india  rubber  milk. 

Halogent.  Chlorine, — Worts  and  ScBOrzBNBKaoxa'  were  the  first 
to  obsenre  the  aetion  of  chlorine  upon  india  rubber,  but  neither  of  theee 
authors  appears  to  have  recognised  the  formation  of  anj  definite  oompoond. 
This  is,  no  doubt,  due  to  the  fact  that  they  allowed  the  chlorine  to  act 
upon  solid  rubber,  a  procedure  which  might  be  expected  to  give  unsataa- 
factory  results. 

By  passing  chlorine  gas  through  a  solution  of  india  rubber  in  chlort» 
form,  Oladstonb  and  Hibbirt  succeeded  in  obtaining  a  body  Ci^Hi^Clg 
in  the  form  of  a  white  powder.  This  formula  shows  that  the  rsaetlon 
taking  pUce  was  not  merely  an  addition  process,  but  also  that  substitution 
of  chlorine  for  hydrogen  occurred.  Indeed,  the  authors  state  that  thej 
found  it  impossible  to  obtain  an  addition  product  C,^H,gCI^  as  the 
reaction  proceeds  so  energetically  that  addition  and  substitutioa  take 
place  concurrently. 

Bromine, — The  same  obeerrers  obtained,  by  the  action  of  bromine  upon 
india  rubber  dissolved  in  chloroform,  the  products  Ci^^Hj^Br^  and  C|^H|^Br^ 
although  they  did  not  succeed  in  isoUting  the  former.  It  1 
impossible  to  obtain  the  hexabromide  C,oH,gBr^  although  the 
of  three  ethylene  bonds  in  the  molecule  of  india  rubber  vookl  appear  to 
render  such  a  compound  possible.  In  this  reUition  it  may,  howotar,  be 
{Minted  out  that  some  Uw  of  ohemioal  statice  eeems  to  prevent  the 
accumulation  of  iodine  and  bromine  in  a  moleeole^  irrespective  of  the 
constitution  of  the  Utter.  Thus  the  interaeUon  of  acetylene  and  bromina 
always  produces  some  tribrom-ethylene   CHBr^CBr^   beeidee   CHBr,: 

1  Of,  CHArKL,  CWaidtoag  if  GuUm  Ftrtka,  nH 

*  Hunxkrli.xo,  Fkhr,  d,  JTamImAm^  wi^  OmtU'/)aitkB  Wmmtm^  pk  St. 

*  CBAriL,  toe.  eiL,  S2S. 
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CHBr^  which  fonns  the  chief  product  of  the  reaction.  This  is 
exactly  analogoua  to  the  formation  of  the  above  named  pentabromide. 
Iodine  only  yields  a  di-iodide  with  acetylene. 

The  simplest  way  to  prepare  the  above  named  body,  polyprene  tetra- 
bromide  CioHj^Br^  is  to  run  bromine  in  slight  excess  into  a  solution  of 
pure  india  rubber  in  chloroform,  cooling  the  solution  well  all  the  time. 
Only  a  Tery  alight  amount  of  hydrobromio  acid  is  evolved  during  this 
prooeaa.  The  solution  of  the  tetrabromidc  thus  obtained  is  transferred  to 
a  separating  funnel,  from  which  it  is  run  in  a  very  fine  jet  into  alcohol. 
In  order  to  avoid  the  tetrabromidc  separating  out  in  the  form  of  clots,  its 
solution  should  be  very  dilute,  and  a  large  volume  of  alcohol  should  l>o 
used  for  precipitation.  The  tetrabromidc  is  then  obtained  in  the  form  of 
very  fine  white  flakes,  which  are  collected  on  a  filter  and  washed  with  warm 
alcohol  until  free  from  every  trace  of  chlorine.  The  product  is  then 
preased  and  dried  at  a  temperature  not  exceeding  40°  C.  Its  composition 
approximates  more  and  more  closely  to  the  formula  CjoH^gBr^,  the  greater 
the  eare  taken  to  free  the  india  rubber  from  which  it  was  prepared  as 
much  as  possible  from  its  oxygen. 

In  the  cold,  polyprene  tetrabromide  is  fairly  easily  soluble  in  chloro- 
form and  thiophenol,  but  quite  insoluble  in  all  other  solvents  tried.  It 
diaaolves  in  aniline,  pyridine,  and  piperidine  on  moderately  heating  it  in 
these  solventfi,  but  solution  always  appears  to  be  attended  by  the  loss  of 
more  or  less  hydrobromic  acid. 

On  heating  the  polyprene  tetrabromide  to  60'  C,  it  begins  to  decompose 
with  evolution  of  hydrobromic  acid ;  a  yellow  discolouration,  which  increa«e8 
in  intensity  as  the  decomposition  proceeds,  becomes  at  the  same  time 
noticeable.  At  higher  temperatures  this  decomposition  proceeds  very 
rapidly,  resulting  finally  in  the  formation  of  a  very  uninviting-looking  dark- 
brown  residue,  which,  however,  still  contains  a  more  or  less  considerable 
quantity  of  bromine. 

The  action  of  boiling  alcoholic  caustic  soda  upon  the  tetrabromide  is 
surprisingly  slight,  but  sodium  ethylate  has  a  more  pronounced  effect, 
especially  at  temperatures  ranging  from  100°  C.  upwards. 

0*624  grms.  of  CjoHj^Br^  were  heated  with  sodium  ethylate  to  100*  C. 
in  a  sealed  tube  for  6  hours  : 

Solid  subfltance  recovered  :  03623  grms.  =58  06  {)er  cent 
Br  in  recovered  portion  :  0*1134  ,,  =18*28  ,,  * 
Br  in  solution  :  0*3210     „     =51*44      „ 

0*6164  grms.  of  CjoHuBr^  were  heated  with  sodium  ethylate  to  120'  C. 
for  10  hoiuB: 

Solid  snbttanoe  recovered  :  0  3438  grnis.  =55*87  i>er  cent 
Br  in  reooverad  portion  :  0  0823  „  =13*38  „  * 
Brhisolation  :  0*3478     „     =56*51      „ 

*  The  amount  of  Br  is  calculated  upon  the  weight  of  the  original  substance  employed, 
and  not  upon  the  weight  of  recovered  solid  sabetance. 
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AtteBtkm  miMt  be  called  to  the  fact  that  the  weight  of 
reeoTered  pine  the  weit^ht  of  bromine  In  eolotkm  in  both  tperinwati  ii 
ooneidefmblj  in  exoe«  of  the  weight  of  teCmbrooiide  and.  Thii  moil  be 
aeeepted  ae  pointing  to  the  fact  that  the  mnoval  of  the  bfomine  b  a 
Mubatitution  prooean,  probablj  of  ethoijl  groupa  for  brooine. 

AgaiDrt  aoid  and  oiidiiing  reagenU  the  teUmfaromide  tihibitt  eooiider- 
able  indiffemiee.  Ooneentrated  nitric  and  tnlphnric  add  aflbd  Ii  lerj 
alowlj.  Chromic  acid,  or  roixturea  of  chromic  and  aulpharie  acid,  are  with- 
out an  J  perceptible  action,  even  at  100*  C. 

Very  remarlcable  it  the  reaction  which  takea  pbce  00  healing  the 
tetrabromide  with  phenol.  The  operation  ia  beat  conducted  on  the  water- 
both  hy  adding  the  tetrabromide  to  the  melted  phenol  Alraadjr  at 
60*  C.  a  rapid  change  of  colour  ia  noticeable^  the  telimbfoinkle  aiimin^ 
firrt  a  dull  alate  colour  which  rapidlj  darkena  to  a  blaeUih-brown.  The 
roaas  at  the  same  time  becomea  gummj  and  begina  to  form  a  browniah- 
purple  aolution  with  the  phenol.  At  thia  atage  a  ateadj  erolution  of 
hjdrobromio  acid  gaa  commencea.  Aa  the  reaotioo  pitMeed8»  the  nMi 
growa  thinner  until,  after  about  thirty  miuutea'  heating,  a  thin  pmrpl*- 
coloured  aolution  ia  obtained.  Thia  aolution  is  allowed  to  cool,  and,  after 
dilution  with  twice  its  volumo  of  ether,  it  is  filtered.  If  the  operathie 
has  been  properly  conducted,  there  should  remain  no  tnioluble  midne  00 
the  filter.  The  filtrato  is  then  distilled  on  the  water-bath  until  no  more 
ether  passes  oyer,  and  the  residual  solution  is  poured  intoa  suflkient  quantt^ 
of  a  6  per  cent  solution  of  caustic  soda,  in  order  to  diasolve  all  the  phenol 
present.  A  dark-brown  solution  ia  obtained,  which  ia  heated  until  all  the 
residual  ether  is  driven  off.  Acetic  acid  is  then  ilowlj  added  until  a 
permanent,  grey  ish-brown,  and  flooculent  predpitato  has  been  formed.  This 
is  separated  from  the  phenol  solution  by  filtration,  and,  without  prerioua 
washing,  again  auspemiod  in  warm  water  and  acidulated  with  acetie  add. 
The  suspended  precipitate  changea  ita  colour  into  a  more  or  leaa  prooottneed 
brown,  much  resembling  the  colour  of  ferric  hydroxide.  It  ia  heated  to 
boiling,  filtered  and  waahed  free  from  aoid.  When  dry,  it  fbrma  an  ochre- 
coloured  mass,  eadly  reducible  to  an  impalpable  powder. 

This  substance  is  readily  soluble  in  aqueous  and  alcohoUe  oaoalle  mtdm^ 
alcohol,  acetone,  ethyl  ether,  ethyl  acetato ;  insoluble  in  beoaene,  chloroformi, 
carbon  biiiulphide,  and  petroleum  ether.  Ita  analyaia  gave  the  following 
figorea: — 

O10SS  grm.  mlMtaiioe,     .  0*4785  gnu.  (XV  0*1184  gr«.  B/X 

OileolatMi  forQMHdO*   .  C  8016,  II  714. 

Poond,     .  C  80  16,  U  7  41. 

The  analysis  agrees  Tcrr  weii  with  the  flgnrsa  ealcnkted  for  a  body 
C,oH,e  (O.CeH^4,  totrozyphenylpolyprene,  and  ila  J 
appear  to  be  due  to  the  very  remarkable  reaction 

CMHMBr«  ^  4G»H»0H  •  0|»H,j(O.C;BJ|  -¥  «HBr. 
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The  yield  of  this  body  was  found  in  the  groat  numl>cr  of  preparations 
made  to  amount  very  uniformly  to  from  60  to  60*5  per  cent,  of  the  weight 
of  tetrabromide  acted  ufion.  This  accounts  almost  exactly  for  one  half  of 
(he  tetrabromide  taken.  '  What  happens  to  the  other  half,  I  have  not  yet 
been  able  to  ascertain.  Considering,  however,  the  fact  demonstrated  by 
OLAOeroNK  and  Hibdert,^  that  a  solution  of  india  rubber  in  toluene  can  l)e 
heated  to  200*  C.  without  being  thereby  in  the  least  afTcctcd,  it  seems 
highly  improbable  that  the  above  described  reaction  which  can  be  affected 
at  water-bath  temperature  should  lead  to  a  break-down  of  the  polyprene 
moleoula  Nevertheless,  the  inference  to  be  drawn  from  the  yield  in  the 
above  process  must  be  that  the  reaction  in  question  is  not  so  simple  as  it 
looks.  This  is  fully  borne  out  by  the  observation  that,  by  confining  the 
heating  in  the  above  process  to  from  90  to  95°  C.  on  the  water-bath,  and 
treating  the  resulting  solution  in  the  same  manner  as  before  described,  a 
body  is  obtained  which  in  appearance  scarcely  differs  from  the  first,  and 
which  behaves  much  in  the  same  way  against  solvents.  On  analysis  this 
body  gave  the  following  figures : — 

0*1895  grm.  substance,      .                 .     0*3860  grm.  COa,  08460  grm.  HjO. 
Calculated  for  C«H„Oe,    .                 .     C,  75  55  ;  H,  6-66. 
Found, C,  75-41 ;  H,  678. 

According  to  this  analysis,  this  body  would  appear  to  be  tetroxyphenyl- 
dioxy  polyprene. 

The  formation  of  this  body  is  very  difficult  to  explain,  and  this  difficulty 
increases  if  we  precipitate  the  phenol  melts  as  above  described  by  running 
them  into  a  large  volume  (4000  c.c.)  of  benzene.  In  tliis  case  precipitates 
are  obtained,  the  colour  of  which,  according  to  the  conditions  under  which 
the  reaction  was  carried  out,  varies  from  a  somewhat  dull  crimson  to  a  ricii 
deep  shade  of  indigo. 

In  carrying  out  the  above  described  reaction  by  heating  on  the  water- 
bath  only,  and  precipitating  the  melt  by  runtiing  it  into  4000  c.c.  of  benzene, 
a  dark-purple  precipitate  is  obtained,  separating  out  in  very  fine  flakes. 
This  is  allowed  to  settle,  the  bulk  of  the  supernatant  liquid  decanted  off, 
the  rest  filtered,  the  filter-residue  washed  with  benzene,  and  dried  at  from 
40  to  50*  C.  The  product  formed  is  of  a  very  fine  deep  indigo  colour, 
and  is  easily  crushed  into  an  impaljjable  powder.  It  is  soluble  in  alcohol, 
acetone,  glacial  acetic  acid,  and  acetic  anhydride.  On  standing,  the  purple 
colour  of  these  solutions  soon  changes  into  a  pale  brown,  but  the  colour 
of  the  solution  in  glacial  acetic  acid  persists  for  a  long  time.  The  product 
appears  to  be  very  slightly  soluble  in  chloroform.  It  is  insoluble  in  ether, 
benxene,  and  carbon  bisulphide.     Its  analysis  gave  the  following  figures : — 

0*1742  grm,  Bubstanoe,     .                 .     0*4472  grm.  COj,  0  1054  grm.  H^. 
Calculated  for  C^JB^iOm,  .        .        .     C,  70  48  ;  H,  6  02. 
Found, C,  70  09  ;  H,  678. 

*  Joum,  Chem.  Soe.,  1888,  p.  686. 
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U  will  be  leea  thai  thU  uuU jrit  •ffreat  tolMmbl 7  w«ll  vith  Um 
podtioo  (mleuUiod  for  a  body  C,«IIt/)»  (<>^«H4)^  I  hmm,  bovev«r,  ilniiif 
reMOot  for  beliering  that  tbto  MibtUiiM  oooUiiM  aoiM  lUgbt  impnri^,  to 
wbiob,  probablj,  iU  colour  is  dut.  bat  wbioh,  m  far,  I  havt  not  mwemdnd 
ill  removing.  It  will  alto  bo  obtenrod  tb^t  tbi«  bodj  would  appear  to  be  a 
•till  more  ooroplioated  oompound  of  tbo  typo  of  bodki  reprateoted  bj  tba 
aboTodatoribad  oompound  C^HigO^ 

I  poMew^  at  the  prenoDt  momaot,  no  ooneluiiTO  proof  of  tba  parity  of 
this  lubttanoe,  or,  ratber,  retpeetiug  tba  amount  and  nature  of  its  imfmriiff, 
Uut  it  ii  perhaps  worth  mentioaing  that  tbe  temperature  at  whieb  it  is 
prepared  may  be  considerably  Tsried  from  100*  C.  downwards  without  any 
sensible  alteration  of  the  composiUou  of  the  product.  Thus,  5  grms.  of 
polyprene  tetrabromide  were  beated  with  a  solution  of  50  gnna  of  pbanol 
in  50  grms.  of  bensena,  this  solution  boiling  at  82*  C.  Tba  rsaotioo  pio- 
oeeded  eiaotly  ss  with  phenol  alone,  but  rather  slower.  Tbe  produet^ 
whioh  wss  isolated  by  running  the  melt  into  a  large  Tolume  of  bensene  as 
before  described,  gave,  on  analysis,  the  following  figures : — 

O'SOSl  gnn.  Mbstsnoe,     .                .    0-6340  gnu.  00»  01201  gm.  H/X 
OdenUtMi  forC^H^jOM.  .        .        .    C.  70*48  ;  H.  Oi^Z 
Pooad, C.  70-40  ;  II.  «  64. 

On  prolonged  boiling  with  aqueous  caustic  soda,  or  Tcry  rapidly  00 
beating  with  alcoholic  caustic  soda,  all  these  bodies  split  off  pbenoL  On 
acidulating  these  solutions  with  acetic  acid,  the  alcoholic  tolutioo 
first  diluted  with  much  water,  a  flooculent  brown  precipitate  is 
whioh  is  collected  on  a  filter  and  washed  neutral  with  water.  After  drying, 
it  forms  a  light-brown,  readily  friable  mass,  which  is  easily  aolubU  fai  diluta 
aqueous  cau8tio  soda,  alcohol,  ether,  acetone,  acetic  acid,  acetic  anhydride ; 
insoluble  in  bensene,  chloroform,  and  carbon  bisulphide.  Tbe  analysis  of 
this  substance  gave  the  following  figures : — 

0-9000 gnn.  rabttaooe.     .  .    04481  gna.  OOw  01118 p«.  H/X 

Oilea]at«d  for  C»HaO,»  .  C.  «1  -22  ;  H.  6-08. 

Found,    ....  0,8111:  H,  8-78. 

This  body  may  again  be  subjected  to  the  aboTc  natiied  treatment  with 
cnustic  soda,  with  the  result  that  bodies  with  a  still  grsater  number  of 
hydroxyl  groups  are  formed.  These  bodie*,  like  those  before  described, 
are  precipitated  from  thoir  solutions  by  means  of  acetic  acid.  Such  a 
preparation,  which,  after  drying,  formed  a  darfc-brown,  sooMwIiat  gritty 
powder,  the  solubility  of  whioh  in  the  tolTents  of  this  cfaMS  of  bodies  is 
greatly  diminished,  gave  the  following  results  on  analysis: — 

01881  grm.  mbstaaet.     .  0-9601  gm.  00^  OlOM  gns.  H/X 

OaleoUtMlforC»H«0»,  .  a  40-00 ;  H.  8-88. 

Found, 0,41-08;  H,8-88L 

On  repeating  the  above  hydrolytic  treatmenti  ■neosMitraly  darker 
products  are  obtained  in  the  form  of  more  and  mors  oonoJdal  prseipitatM, 
Ml  form  and   oolour  greatly  resembling    colloidal  predpiutes  of  farrie 
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hydroxide.  The  thorough  washing  of  these  precipitates  is  extremely  tedious. 
After  drying,  they  form  very  hard,  almost  black,  resinous  masses.  I  refrain 
from  quoting  analyses  of  these  bodies,  but  may  mention  incidentally  that, 
on  drying,  these  colloidal  products  suffer  very  extensive  dehydration. 

I  am  continuing;  the  investigation  of  these  curious  bodies,  which,  I 
lielieve,  will  furnish  excellent  material  for  the  prosecution  of  the  enquiry 
into  the  nature  and  constitution  of  india  rubber.  The  reaction  to  which 
we  owe  their  formation  is  by  no  means  confined  to  phenol.  The  cresols 
oarraorol,  thymol,  as  well  as  the  naphthols,  react  in  quite  an  analogous 
manner.  Reeorcinol,  imder  the  conditions  above  stated,  reacts  most 
energetically,  forming  an  eosin-coloured  mass.  Pyrocatechol  and  hydro- 
quinone  react  much  more  slowly.  Of  substituted  phenols  the  action  of  the 
three  ohlorophenols  and  of  the  three  nitrophenols  was  examined.  The 
first  named  yield  chlorinated  reaction  products ;  the  last  named  appear  to 
complicate  the  reaction  by  oxidation.  Thiophenol  acta  in  an  entirely 
different  manner,  by  simply  eliniinating  the  bromine  of  the  tctrabroniide  as 
hydrobromic  acid.  Phenol-ethei-s,  such  as  anisol  or  phenetol,  do  not  react 
at  all.  This  is  almost  conclusive  evidence  that  it  is  the  hydroxy!  hydrogen 
of  the  phenol  which  forms  the  point  of  attack  in  the  reaction  in  question, 
and  this  fact  is  at  the  same  time  the  reason  why,  in  the  above  formuhe, 
the  oxygen  appears  as  ether  oxygen,  and  not  as  bydroxyl  oxygen. 

Iodine. — Adriani  ^  states  that  the  action  of  iodine  on  the  globules  of  the 
latex  is  more  marked  than  that  of  bromine,  but  he  does  not  appear  to  have 
investigated  the  nature  of  this  action.  On  the  other  hand,  however, 
GLAoeroNH  and  Hibbert  found  iodine  to  have  little  or  no  action  upon 
india  rubber  dissolved  in  chloroform. 

My  own  observations  on  this  subject  tend  to  show  that  iodine  does 
indeed  act  upon  india  rubber  dissolved  in  chloroform.  A  3  per  cent, 
solution  was  mixed  with  a  large  excess  of  iodine  (3  mols.  of  I  to  1  mol.  of 
india  rubber)  dissolved  in  chloroform.  After  two  days'  standing,  the 
mixture  had  become  gelatinous.  It  was  thoroughly  stirred  and  transferred 
into  absolute  alcohol.  An  insoluble  precipitate  formed,  which  was 
completely  freed  from  iodine  by  washing  with  warm  alcohol.  In  this 
manner  a  bright  straw-coloured  product  was  obtained  in  the  form  of  a 
fine  powder,  which  was  found  to  be  absolutely  insoluble  in  all  ordinary 
solvents.     This  preparation  on  analysis  gave  the  following  figures : — 

0*5470  grms.  gave  by  Carius'  method  0*7273  grms.  Agl. 

0-2008  grms.  gave  0*1689  grms.  COt  and  0  0660  grms.  H,0. 

Calculated  for  (C,oH,«I,)r. 
Carbon,     .  .         22  35  percent.  23*21 

Hydrogen,  3  07      „  8  09 

Iodine,  72  03      „  73-69 

97  46 
The  original  sample  of  india  rubber  from  which  this  preparation  waa 
»  Chan.  New$,  2,  278. 
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inade  eooUinad  3*94  per  otnL  of  oijrgMi,  wl* 
fur  tbo  (Mdanoj  in  the  above  analTirit.    Nevi 
fairlj  with  the  ntio  C,«H,^I,.      Of  eonne  at 
forrouU  it  not  poarible,  and  we  muat  therefom  ««^^.. 
haa  been  formed  bj  a  prooeM  analogoua  to  tliat  » 
formatioo  of  tho  peolabroinide^ 

OmH|J«  •  CmHm1«  •*-  ill. 

The  difTerenoe  of  one  atom  of  hjdrogen  b  ao  nnall  aa  to  fidl  vllbia 
the  limita  of  the  experimental  error.  The  apHttiuK  off  of  bjdroiodie  acid 
in  thia  manner  ia,  bowoTer,  perhapa  not  wwy  probable^  and  the  ditteollj 
of  explaining  the  oompoaitioti  of  the  above  addition  prodoel  mighl  verj 
^kelj  be  met  b^r  the  fact  thnt  iudia  rubber  ia  not  C,«H,4  but  (Ci^H,^). 
no  that  if  M  ia  au  even  ntimbor,  the  number  of  iodine  aiooa  in  our 
aubatittition  product  neceeaurily  beoomea  even  toa 

Thia  iodide  ia  a  fur  lotts  8ta))le  aubatanoe  than  the  bromide.  lu  colour 
changea  to  a  dull  brown  ou  prolonged  expoaure  to  light,  but  tliia  change 
of  oolour  doea  not  aeem  to  be  accompanied  bj  Ion  of  iodine.  At  80*  C 
the  compound  undergoes  slow  but  complete  decomposition.  A  dark-brown 
reeinous  body  remains  behind,  most  likely  an  oxidation  product  of  india 
rubber.     The  iodide  was  found  to  be  insoluble  in  all  aoWenta. 

Action  of  Adds.  Uydrorhiorie  A  eid,  —■  \  1  though  the  destnictiTe  aetkn 
of  hjdrochlorio  acid  gaa  upon  india  rubber  stoppers  and  tubing  moat  have 
been  observed  by  thousands  of  chemists,  the  cause  of  thia  action  haa 
never  been  investigat^xi  until  quite  recently  by  myaelf. 

The  action  of  hydrochloric  acid  gas  upon  india  rubber  diaaolved  In 
chloroform  differs  materially  according  to  whether  moisture  be  present  or 
not  In  the  Utter  case  I  have  not  been  able  to  obtain  any  definite  resali. 
The  evidence  at  hand  appears  to  ahow  that  a  product  C|tH|^HCI— 
polyprene  hydrochloride— is  formed,  but  I  have  never  been  able  to  obtain 
a  product  containing  the  requisite  amount  of  chlorine.^  Moreover,  all 
preparations  obtained  under  these  oonditions  form  very  sticky  maaaea 
which  are  very  difficult  to  handle.  Once  precipitated  they  ars  veiy 
insoluble,  and  therefore  practically  impossible  to  purify. 

If  the  hydrochloric  acid  gas  is  passed  in  the  undrird  state  into  the 
india  nibber  solution  at  ordinary  temperature,  the  reault  ia  difleriok  The 
absorption  proceeda  at  first  fairly  rapidly,  but  gradually  beeomea  dower, 
and  it  is  therefore  necesaary  to  allow  the  gas  to  pasa  through  the  solution 
for  a  whole  day.  At  the  end  of  this  time  the  solnlkm  has  peroepCably 
darkened  in  colour,  but  appears  otherwise  unchanged.  On  poiiiiog  this 
solution  slowly  into  absolute  alcohol,  it  is  precipitated  aa  a  masa  of  wbitash 
clots  which  are  atill  sensibly  ekstio  to  the  touch.  On  standing  lor  a 
short  time  under  aloohol,  theae  eloU  bsoomo  hard  sad  brittle^  oftso 

>  Tbs  prodneli  oblsia«l  ondsr  vaiieas  eondlifaM  of  lwa|WBfn  wwt  9mtA  to 
oontain  fhxa  11  to  18  ptr  out  of  OL  Tbs  body  CwHi/a  wonM  Mrtsfai  SS«  fm 
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breaking  up  sponUtneously  into  »  mass  of  small  irregularly-tjhuped 
fragments.  This  product  ia  washed  free  from  acid  with  warm  alcohol, 
and  dried  in  a  desiccator.  It  forms  a  perfectly  white,  easily  friable 
Bubetanoe,  which  is  readily  soluble  in  chloroform,  but  insoluble  in  alcohol, 
ether,  acetone,  beniene,  and  carbon  bisulphide.  On  gently  warming  it 
with  organic  bases  such  as  aniline,  pyridine,  or  piperidine,  it  dissolves 
gradually,  but  this  solution  appears  to  be  accompanied  by  loss  of  hydro- 
chloric acid.  The  analysis  of  this  compound  led  to  the  following 
figures:— 

0*8887  gmu.  gave  by  Carius'  method  0'5223  grrait.  AgCl. 

0*2188  grma.  g»ve  0-4588  grms.  CX),  and  0*1615  grms.  H.p. 

Calculated  for  CjoHigOl,. 
C,        .        .         .        67  12  i)cic«'nt.  57*41  percent 

H,       .         .         .  818      „  8*62      „ 

CI,       .        .         .        88-67      „  83*97      „ 

These  figures  agree  well  with  those  of  a  polyprene  dihydrochloride. 
The  india  rubber  from  which  the  specimen  analysed  was  prepared  con- 
tained 2*10  per  cent,  of  oxygen.  This  hydrochloride  is  rather  difficult 
to  prepare,  as  it  gives  off  part  of  its  hydrochloric  acid  very  readily,  so 
that  in  many  preparations  the  percentage  of  chlorine  fell  as  low  as  31 
per  cent  On  the  other  hand,  it  is  worth  mentioning  that  as  soon  as  the 
decomposition  of  the  dihydrochloride  has  reached  a  point  that  the  amount 
of  residual  chlorine  is  about  18  per  cent.,  even  a  very  considerable  increase 
of  temperature  will  cause  only  a  very  insignificant  further  reduction  in 
the  percentage  of  chlorine.  Seeing  that  18  per  cent,  of  CI  comes  very 
near  the  amount  of  chlorine  required  for  polyprene  monohydrochloride, 
we  may  perhaps  infer  that  this  forms  the  chief  product  of  the  decomposition 
of  the  dihydrochloride  at  temperatures  not  exceeding  100°  C,  and  that, 
compared  with  the  latter,  it  is  a  rather  stable  body. 

Hydrohromic  Acid. — The  action  of  hydrobromic  acid  upon  india  rubber 
is  much  the  same  as  that  of  hydrochloric  acid,  although  rather  slower. 
It  has  been  found  impossible  to  prepare  a  hydrobromide  corresponding  to 
the  above  described  dihydrochloride.  On  passing  hydrobromic  acid  gas 
into  a  solution  of  india  rubber  in  chloroform,  and  subsequently  running 
this  solution  into  alcohol,  a  product  is  obtained  which  in  appearance  greatly 
resembles  the  dihydrochloride,  but  already  on  washing  with  alcohol  it 
begins  to  lose  hydrobromic  acid.  I  have  never  succeeded  in  preparing  a 
compound  with  more  than  21  per  cent,  of  bromine,  and  the  appearance 
of  all  preparations  I  obtained  clearly  indicated  their  heterogeneous 
nature. 

Hydrwiic  Arui. — This  acid  seems  to  have  no  action  uiwn  india  rubber, 

or,  if  formation  of  a  hydro-iodide  does  take  place,  this  compound  must 

be  extremely  unstable.    According  to  Berthelot,^  treatment  of  india  rubber 

with  hydriodic  acid  at  280*  C.  results  in  the  formation  of  viscous  hydro- 

>  Bull.  8oc  ehim.,  11,  p.  88. 
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oftrboQi  of  iha  pamflln  trim,  boiliug  witii..ut  utxium|KMitiqQ  sbovv  WT  OL 
This  &Ultemmi  requirai  conflnmtlon. 

Sulphuric  ^riV/.— Th«  oooofDimtod  Mid  aeto  vtty 
iiidiA  rubber,  charring  umI  oildiiung  it     Nothing  daAolto  i% 
known  retpooting  the  ultimnto  prodnota  of  Uilt  d«tniolivo  aotftuo.    Tbo 
•olioo  of  dilute  •ulphurio  Aoid  hat  never  been  inTeetlgated. 

Niiru  ilocf. —Strung  nitrio  add  atUeki  india  rubber  rerjr  ftfefotwlj, 
fonning  at  finit  a  yellow  body  which  ia  eubeequently  deeoBpoaed  into 
nitrogen,  oarbonio  acid,  oxalic  aoid,  and  a  anbetanee  of  the  elianeler  of  a 
fat'  On  prolonged  boiling,  thla  latter  body  b  diaolved  and  eonverted 
into  oamphreaio  aoid,  which  waa  shown  by  KACHiJia*  to  be  a  mixture  of 
oamphorio  and  oamphoronio  aoid. 

Nitrtrnt  AeuL--ln  treating  a  dilute  solution  of  faMlia  robber  wHh 
nitrous  aoid,  produced  by  Tery  slowly  running  ooneentrated  sulphuric  acid 
into  a  20  per  cent  solution  of  sodium  nitrite,  an  amorpboua  jellow  bodj  is 
formed,  insoluble,  or  very  little  soluble,  in  most  of  the  oooimonlj  eoiployed 
aolTonts,  but  fairly  soluble  in  dimethyl  oxalnte.  The  oonpoeitlon  of  tbia 
body,  as  obtained  in  different  preparations,  variee  Tery  greatly,  boi  by 
passing  the  nitrous  acid  gas,  prepared  as  deaoribed  above^  through  a  setiea 
of  drying  tubes  charged  with  phoephoric  anhydride,  and  by  ndng  absdately 
dry  india  rubber  dissolved  in  bensene,  which  has  be«n  frsshly  '^'•<i1M 
over  metallic  sodium,  a  product  is  obtained  showing  the  fbUowing 
oomposition : — 

C  65*5.     H  7*0,    N  18  1. 
OalcaUtad  for  C,*HmN«0,  :  C  M^.    H  7*5,    N  18-1 

The  product  of  the  reaction  is  evidently  polyprene  nitrosite.  The 
full  investigation  of  this  highly  interesting  bodj  is  not  yet  ooododed. 

^filrogen  Dioxule. — In  treating  a  solution  of  one  part  of  india  robber 
in  a  hundred  parts  of  abeolutely  dry  bensene  with  nitrogen  dioxide,  a 
considerable  rise  of  temponiture  takes  place,  and  the  whole  of  the  india 
rubber  present  separates  out  in  the  form  of  a  oohereoi  amorphoua  wmm. 
The  nitrogen  dioxide  is  moet  conveniently  produced  by  beating  well  dried 
lead  nitrate  in  a  retort  The  gas  evolved  must  be  dried  bj  peMtng  it 
through  a  series  of  tubes  oontaining  phosphoric  anhydride. 

The  above  described  operation  being  completed,  the  benwne,  whieh 
will  be  found  to  contain  mere  traces  only  of  solid  matter,  is  poured  off  the 
product  of  the  reaction.  The  latter  forma  a  very  friable  mass,  which, 
after  washing  with  alcohol,  is  obtained  aa  a  dark-yellow  powder.  Thia 
product  is,  however,  not  yet  pure.  It  diseolvea  in  aeetooe  with  the 
greatest  ease,  fonning  a  deep  sherry-coloured  solutioo  oootaining  in 
suspension  a  small  quantity  of  an  insoluble  substanoe.  This  ia  ftlteind  oC 
and  the  perfectly  dear  solution  run  into  water.  The  veiy  ine  pinoipilale 
thus  obtained  is  collected  on  a  filter,  washed  with  water,  pr eased,  and  dried. 


>  ScBWAMsar,  ^w».,  liS.  ^  1».  *  ^aa.,  1»1.  p.  lO. 
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when  it   is  obuiiiH><l   as  a  straw-coloured  impalpable   powder,  which,  oti 
analysisi  ga?e  the  following  figures : — 

C  62-6,     H  71.     N  12-8. 
CklcuUted  for  Ci,H„NA  :  C  62  6,     H  7*0,     N  127. 

Whether  this  body  represents  a  dinitro-polj'prene  CioHj0(NO2)2f  or  a 
nitroso-uitrate  (nitroeate)  similar  in  constitution  to  Wallaou's  ^  amjlene- 
iiitix»at0, 

C.Hi.< 

N).NO, 

further  investigation  will  have  to  show. 

The  product  purified  as  above  described  is  insoluble,  or  only  very 
slightly  soluble,  in  ethyl  alcohol,  methyl  alcohol,  ether,  chloroform,  and 
carbon  bisulphide.  It  dissolves  almost  instantly  in  acetone,  and  is  also  fairly 
soluble  in  ethyl  acetate,  ethyl  formate,  dimethyl  oxalate,  cpichlorhydrine, 
and  nitrobenzene.  Ammonia  dissolves  it  very  readily  even  in  the  cold,  but 
it  is  almost  insoluble  in  either  aqueous  or  alcoholic  soda. 

This  product,  as  already  mentioned,  is  insoluble  in  methyl  alcohol,  but, 
on  adding  to  the  latter  a  few  drops  of  very  concentrated  caustic  soda,  or, 
better  still,  a  small  quantity  of  sodium  methylate,  solution  takes  place 
instantly.  Curiously  enough,  ethyl  alcohol  cannot  be  used  in  this  reaction 
instead  of  methyl  alcohol  The  action  of  the  alkali  upon  the  polyprene 
derivative  appears  to  be  the  siime  in  both  cases,  but  the  product  of  the 
reaction  is  soluble  only  in  methyl  alcohol,  and  not  in  ethyl  nlcohol.  Indeed, 
on  adding  to  its  solution  in  methyl  alcohol  an  equal  volume  of  ethyl 
alcohol,  a  flocculent  precipitate  is  at  once  formed.  The  investigation  of  these 
bodies  is  still  proceeding. 

Nitrosyl  Chloride. — On  treating  a  solution  of  1 3*6  grms.  of  polyprene  in 
300  c.c.  of  benzene  with  12  grms.  of  amyl  nitrite  and  8  grms.  of  acetyl 
chloride,  a  reaction  takes  place,  resulting  in  the  formation  of  a  very  stiff  jelly. 
After  about  20  minutes'  standing  gas  bubbles  appear  in  the  jelly,  which 
rapidly  grow  in  size  and  number.  In  the  course  of  a  few  hours  the  jelly  is 
reconverted  into  a  solution  distinctly  thinner  than  the  original  rubber 
solution.  On  precipitating  this  solution,  a  clot  of  a  substance  is  obtained, 
which,  after  purification,  by  again  dissolving  and  precipitating  it,  was  found 
to  be  apparently  unaltered  polyprene  containing  traces  only  of  chlorine  and 
nitrogen.     A  polyprene  nitrosyl  chloride  could  in  no  way  be  obtained. 

Ozjrgen. — The  action  of  oxidising  agents,  such  as  chromic  acid,  potassium 
permanganate,  persulphates,  and  percarbonates,  upon  india  rubber  has 
never  been  systematically  investip:ated.  Ethereal  solutions  of  hydro^'en 
peroxide  are  stated  to  convert  india  rubber  into  products  soluble  in  alcohol, 
but  I  have  never  been  able  to  confirm  this  result. 

The  liability  of  both  crude  and  vulcanised  india  rubber  to  deteriorate 
under  the  influence  of  atmospheric  oxygen  has  been  known  for  some  con- 

>  Ann,  ChMtn,,  241,  288  [1887]. 
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■ideimbb  time,  And  wm  lavwitigitad  hj  Srtixn,*  who  iMbtcd  a  pfttdoel 
■oltibte  in  alcohol  and  rhlorofonn,  melUiig  bolow  100*,  and  vhkb  |jaafla«l 
the  following  peroonlage  oompoiitkm  :— 

C         .        .        .        M-OOptfoML 
U.  S'46 

O.  »7M 

It  it  perhaps  worth  poinUng  out  that  this  eonpoeltkio  fairlj  eloMljr 
correepooda  with  Cg^U^gO,^  Thia  inaj  be  aooideutal,  hot  aa  thia  body  uill 
abowa  the  ratio  C|^ :  H,,,  thia  formula,  at  any  imte,  Appeara  to  prove  thai  thk 
oiidation  prooem  ia  purely  an  addition  proeeai. 

SriLUu'b  obeenrationa  were  ntade  on  a  thin  film  of  oMUittliMtiifad  bol 
unvuloaiiiaed  India  rubber.  Artiolea  of  thia  deaoriptioo  are,  under  normal 
oonditiona,  only  very  alowly  atrooted  iu  thia  manner,  owing  to  their  noo- 
poroeity  and  amoothnen  of  aurfaoe.  Crude  india  rubber,  particularly  in 
the  atate  of  the  highly  poroua  and  reticulated  aheeta  in  which  it  leavei  the 
waahing-maohine  for  the  drying-room,  ia  apt  to  auflfer  cooaidermbly  from 
oxidatioo  during  the  drjring  prooem. 

The  Vulcanliilkm  of  India  Rubber. 

HiBtorical  Introduction.— From  a  technical  point  of  view,  tlie  aetkm 
of  aulpbur  and  of  sulphur  monochloride  upon  iiidta  rubber  b  of  fnmla* 
mental  importance,  it  may  well  be  aaid  that  to  the  action  of  theae  two 
compound«  the  india  rubber  industry  of  tcMlay  chiefly  owes  ita  erirtaare 
and  extent 

1.  VulcamittUum  with  Sulphw.^ln  18S2  LODiMsooar  made  tbe 
obaenration  that  sulphur  removea  the  natural  stickinesa  of  india  rubber, 
and  at  about  the  aame  time  an  American,  Hatwa&d,  employed  floweti  of 
sulphur  to  counteract  this  stickiness  of  india  rubber  sheeli.  U  was, 
however,  unquestionably  Helbov  Goodtbar  who,  in  1839,  fint  definitaly 
esUblii»he<i  the  fact  that  the  treatment  of  india  rubber  with  anlphmr  ai 
high  temperaturea  has  the  efiect  of  maintaining  the  ehuitic  pfopertiea 
constant  within  a  oomparatiTcly  very  wide  range  of  tempeimtara%  and  who 
subsequently  abo  discovered  the  manufacture  of  ebonite^  the  final  produci 
of  the  action  of  sulphur  upon  india  rubber.  In  England  Hakooce  appeara 
to  have  independently  made  the  diaoovery  of  the  vulcanising  actiuo  ol 
sulphur,  but  aa,  according  to  hia  own  atatement,*  he  had  aeen  wmplea 
vulcaniaed  by  Goodyear,  the  priority  of  this  invention  oleariy  beloofi  to 
the  latter.  Haxoook's  narrative  of  his  countless  attempli  to  piodnoe  aneb 
a  product,  and  the  manner  in  which  he  finally  aocceedad,  is  ao  fMoinaliag; 
that  an  extract  of  it  from  hia  above  quoted  book,  which  is  by  no  mttm 
readily  obtainable,  may  be  acceptable. 

•'Some  time  in  the  eariy  part  of  the  autumn  of  184S,  Mr.  Biodkedoo 

*  JounLfrakL  C%§m.,  M«  60S. 
AihUr  iimnt^fiutmn  m  Mttltmd,  Loadoa.  1857.  p.  n. 
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showed  me  aome  umall  bits  of  rubber  that  he  told  me  had  been  brought 
by  a  pereon  from  America,  who  represented  himBolf  as  the  agent  of  the 
inventor :  it  was  said  that  they  would  not  stiflfen  by  cold,  and  were  not 
much  affected  by  solvents,  heat,  or  oils.  Mr.  Brockedon  told  me  that  the 
mode  of  manufacturing  this  rubber  was  a  secret,  and  th.it  the  agent  who 
had  shown  them  to  him,  declared  himself  totally  ignorant  of  it;  all  he 
knew  was,  that  it  had  been  done  by  some  new  solvent  which  was  very  chetip 
in  America,  and  that  he  wished  to  find  parties  who  would  purchase  the 
secret  in  this  country,  and  asked  Mr.  Brockedon  to  give  him  any  intro- 
duction he  could  to  the  trade.  Mr.  Brockedon  gave  him  the  names  of 
Mackintosh  &  Co.,  and  the  representatives  of  the  Caoutchouc  Company 
(and  I  think  at  least  one  other),  with  whom  the  party  also  left  specimens. 
Mackintosh  &  Co.  told  the  agent  that,  as  he  could  give  no  information, 
they  could  not  judge  of  the  merits  of  the  invention,  as  it  might  be  easy  to 
make  these  small  specimens,  whilst  difficulties  might  be  found  in  its 
application  upon  a  large  scale  ;  nor  could  they  judge  whether  their  present 
appliances,  which  had  been  very  costly,  would  be  suitable  for  this  manu- 
facture, or  whether  any  modification  of  their  present  plant  would  answer, 
or  whether  the  modes  were  so  altogether  new  as  to  require  a  fresh  outlay. 
Under  these  circumstances,  as  they  could  not  act  in  the  dark,  they 
recommended  the  taking  out  of  a  patent,  when  a  clear  comprehension  of 
the  whole  could  be  obtained,  and  the  invention  openly  dealt  with  according 
to  its  merits.  This  course  was  approved  of,  and  the  agent  said  he  would 
immediately  advise  his  principal  to  take  out  a  patent. 

"Mr.  Brockedon  cut,  from  two  of  the  small  pieces  which  had  been 
given  him,  two  very  diminutive  bits,  and  gave  them  to  me ;  one  bit  was 
about  one  and  a  half  or  two  inches  long,  and  one  inch  and  a  quarter  wide, 
and  perhaps  the  twentieth  of  an  inch  thick.  This  bit,  on  the  exterior,  was 
of  a  dirty  yellowish-grey  colour,  and  a  little  dusty  powder  upon  it ;  when 
cut  across,  the  cut  edge  appeared  of  a  dack  colour.  The  other  bit  was  of  a 
dark  reddish-brown  colour  throughout,  with  a  clean  surface  without  any 
dusty  appearance.  The  first  named  had  a  slight  smell  of  sulphur,  and  I 
thought  that  a  little  sulphurous  powder  had  been  rubbed  on  to  mislead. 
On  stretching  them  out  thin,  I  observed  they  were  both  quite  opaque.  I 
found  they  were,  as  stated,  not  affected  by  cold. 

"  Finding  now  that  this  object  had  been  somehow  or  other  effected,  and 
therefore  demonstrated  to  be  practicable,  and  as  it  was  my  particular 
department  to  keep  up  the  quality  of  our  manufactures,  and  to  maintain 
our  standing  and  the  position  our  goods  had  attained,  I  set  to  work  in 
earnest,  resolved,  if  possible,  not  to  be  outdone  by  any.  As  I  advanced, 
I  spent  all  my  spare  time  to  attain  the  two  objects  I  had  in  view. 

"  I  succeeded  in  producing  beautiful  drab-  and  t'ln-coloured  surfaces, 
perfectly  inadhesive,  by  combining  silicate  of  magnesia,  and  compounds  of 
this  silicate,  with  fuller's  earth,  whiting,  ochre,  and  other  earths,  in  all 
of  which  the  silicate  of  magnesia  formed  the  foundation  and  predominated. 
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For  A  dark  colour  I  emplojad  MpUt^  both  the  natoml  miMiml  kuw^  «• 
well  M  that  obtained  bj  boiling  down  eoalur  to  tho  lUto  of  MphnlL 
With  this  MpluUt  1  alM  wmttimm  oombinwl  plnmlago,  aod  bj  tb«t 
oiMuit  produced  an  unadh«BiT«  bbok  toHlMti.  8ino9  thu  time,  a  tnsU  fer 
a  more  gloetjr  artiole  provailinKi  vaniUhee  hnTe  been  added.  In  eanyiaf 
out  theee  improTementa,  no  new  maohiwty  vaa  needed,  ibe  rubber  and 
compounda  being  made,  and  the  atnfaiiing  and  apreadinir  efleetMt  by  iIm 
meaiui  l>ofore  mentioned. 

"  During  mj  progreea  with  theee  eipertment«»  1  gave  atteutioo  alio  to 
my  other  object,  and  haTing  nearly  brought  the  former  to  a  cloae^  I  eould 
give  to  the  latter  more  apeoial  uttention.  The  little  bita  given  me  by  Mr. 
Brookedon  certainly  abowed  me  for  the  fiiat  time  that  the  deaifable  ehni^ 
in  the  condition  of  rubber  of  not  etifrenhig  by  cold  had  been  attained,  bai 
they  afforded  no  due  to  the  mode  by  which  it  had  been  brought  about. 

**  Aa  the  knowledge  of  thia  improvement  in  the  qualitiea  of  rubber  aoon 
apread  abroad,  aeveral  perMXia  began  to  make  experimenta  in  order  to 
diacover  meana  to  effect  the  same ;  but  aa  there  were  very  few  who  at  thai 
time  had  any  conaiderable  experience  in  the  treatment  of  rubber  beyond 
the  ordinary  applications  for  waterproofing  purpoaea  and  the  conetmction 
of  pneumatic  articles,  they  were  not  very  likely  to  succeed  hi  an  attempt 
which  required,  beeidea  sn  experimental  knowledge  of  the  subject,  unwearied 
application  and  the  oloeest  observation  of  the  effects  of  every  new  addition 
to  the  compounds,  and  of  the  proportiona  indicative  of  improved  resulta— 
nor  were  high  temperatures  employed  by  such  persons.  Mr.  A.  Parkea,  for 
instance,  waa  not  much  acquainted  with  the  rubber  manufacture,  and 
therefore,  after  he  had  seen  my  specification,  and  the  change  that  had  been 
effected  by  sulphur  and  heat,  went  immediately  to  work  aa  a  chemist^  and 
tried  the  effect  of  the  whole  round  of  sulphurous  combinatlona  with  the 
rubber,  and  for  a  time  gave  up  the  pursuit ;  but  being  urged  to  ooolfarae 
his  experiments,  he  at  length  succeeded,  by  purely  chemical  meam^  in 
effecting  a  change  in  rubber  very  closely  resembling  Tulcanlaatioo. 

**  It  is  a  sing^ar  fact  that  although  sulphur  had  long  been  oompounded 
with  rubber  by  myself  in  this  country,  and  in  America  by  othen,  yet  that 
its  true  value  for  producing  such  a  reault  had  never  been  eren  dreamt  of 
by  any  of  us.  I  made  no  analysis  of  those  little  bits^  nor  did  I  pineai^ 
either  directly  or  indirectly,  any  analysb  of  them.  In  making  my  experi- 
menta, I  depended  entirely  and  solely  on  my  own  exertiooa,  having  eonM 
confidence  in  an  experience  of  npwarda  of  twenty  years  of  uoceaaing  appli- 
cation to  the  manipulation  with  my  own  hands  of  the  substance  I  wae 
dealing  with ;  and  it  having  been  shown  thst  rubber  eoold  be  ao  made  aa 
not  to  stiffen  by  cold,  I  devoted  myself  to  the  diaoovery,  if  poasibla,  of  aone 
mode  by  which  thia  property  couk!  be  imparted;  and  I  oonaidersd  ibe 
small  specimens  given  to  me  simply  as  a  proof  that  it  waa  practicable.  It 
had  been  my  conatant  praotioe  to  make  my  experimenii  ahme  in  my 
private  laboratory  at  Stoke  Newington,  into  which,  on 
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penon  entered  but  myself.  I  oonsoqucntly  lighted  my  own  firos,  and  did 
all  the  labour  myself;  and  having  constantly  to  attend  to  the  general 
businees  in  London,  and  to  answer  innumerable  enquiries,  both  verbally 
and  by  letter,  besides  attending  oonsultations  with  parties  taking  out 
patents,  or  others  requiring  information  in  the  application  of  our  materials 
to  their  different  purposes,  I  was  obliged  in  a  great  measure  to  pursue  my 
experiments  after  the  hours  of  business,  and  was  frequently  employed  till 
midnight  in  these  labours.  I  think  it  necessary  to  mention  this,  because 
it  has  been  alleged  that  nothing  could  have  been  less  difficult  than  such 
a  discovery,  and  that  anyone  acquainted  with  the  substance  might  have 
aooomplished  it  with  great  ease.  After  a  discovery  is  once  made,  it  is 
generally  said  to  be  easy  of  attainment ;  anybody  might  have  done  it,  the 
thing  was  so  simpl&  According  to  Milton,  an  idea  of  this  kind  occurred 
to  some  as  far  back  as  the  council  in  Pandemonium  : — 

'  The  invention  all  admired  ;  and  each  how  he 
To  be  th'  inventor  missed,  so  easy  it  seeni'd, 
Onoe  found,  which  yet  unfound  most  would  have  thought 
Impossible.' 

"But  to  resume,  I  knew  nothing  more  of  the  composition  of  the 
small  specimens  given  me  by  Mr.  Hrockedon  than  what  I  or  any  other 
person  might  know  by  sight  and  smell.  In  such  a  pursuit  I  was  obliged 
to  grope  a  good  deal  in  the  dark  ;  for  although  my  former  experience,  such 
as  heat,  masticating,  rolling,  and  the  use  of  solvents,  served  as  landmarks, 
still  my  experiments  could  only  be  made  pretty  much  at  random,  not  at 
all  knowing  what  the  result  of  any  of  them  might  be.  I  remember  that 
I  had  from  the  first  a  strong  impression  that  the  rubber  underwent  the 
change  either  when  in  a  state  of  solution  or  when  greatly  softened  by 
heat,  and  these  two  points  I  kept  pretty  much  in  view.  I  compounded 
with  the  rubber  in  one  or  other  of  these  conditions  an  almost  endless 
round  of  matters  of  all  kinds. 

"I  treated  these  with  the  rubber  separately  and  in  innumerable 
combinations.  In  some  of  them  I  included  sulphur,  and  employed  heat  in 
almost  every  case  without  regarding  what  degree  of  heat  I  used.  I  have, 
in  an  early  part  of  my  narrative,  stated  how  useful  I  found  it  to  employ 
high  temperatures,  and  attribute  my  final  success  in  my  present  pursuit  to 
the  habit  I  had  acquired  in  its  use,  particularly  when  I  thought  it  necessary 
to  reduce  the  rubber  to  the  softest  or  most  plastic  state  without  solvents. 
When  making  the  compounds  with  solvents,  I  first  dissolved  the  rubber, 
either  making  the  solution  of  a  thin  consistence,  or  of  the  consistence  of 
dough,  and  then  mixed  or  worked  up  the  other  matters  with  it  When  I 
wished  to  expedite  their  drying,  I  sometimes  laid  them  on  a  small  metal 
plate  heated  over  a  chamber  lamp,  or  larger  plates  heated  by  the  fire,  and 
at  other  times  I  submitted  them  to  the  heat  of  an  oven.  As  before 
mentioned,  I  frequently  employed  sulphur  in  the  compounds,  but  they 
were  not  at  all  improved  by  it,  not  having  yet  by  any  chance  used  heat 
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suffidmitlj  high  when  drying  Ui«m  lo  pioduee  Um  ohaofd ;  or.  If  Um  bou 
WM  tuffioieiit,  which  it  mcMt  likelj  ■omotloMi  vm^  Um  eoopoQiid  btoaoM 
dry  In  too  ahort  a  period  to  afTeot  It  (m  I  ramovod  tbo  pioa»  •■  «mmi  m 
tbej  were  dry)  in  any  way  to  attmot  my  obtonraUon,  bavlDg  BOiUof  to 
guide  me  in  the  objeot  in  view.  I  therefore  for  a  time  reliaqtilebed  the 
nae  of  eulphur  in  maet  of  the  eompoonda  as  llaele■l^  and  potbed  00  with 
other  matten^  etill  feeling  a  oooviotion,  aa  I  think  moat  would  natofmlly 
have  done,  that  tho  rubber  must  neoeeMuily  undergo  the  ehange  in  ito 
oonatitutioo  whiUt  either  yrtrj  aoft  and  pbatie  or  in  a  itate  of  lolutloiL 
Howovor,  after  trying  an  endlem  round  of  miitures  in  thia  way,  with  and 
without  heat,  I  still  failed  of  euooeia. 

*'  Whilst  looking  over  some  of  my  former  esperimeotal  aeimpa,  I  mw 
In  aome  of  thoee  oontaining  sulphur,  vnriations  I  ooold  not  at  the  thne 
aooount  for :  some  portions  were  different  to  others  in  the  aame  gpti^nMm, 
which  for  the  present  1  oould  not  ooraprehend,  although  1  well  knew 
afterwarda.  I  reaolved  now  to  take  another  ooona ;  I  dlMolved  sulphur 
in  oil  of  turpentinOi  and  finding  the  solution  proosed  slowly,  I  raited 
the  temperature  of  the  turpentine  to  the  boiling  point  (316*),  and  then 
It  took  up  the  sulphur  freely.  Rubber  dissolved  in  this  soluUoo  waa  good 
in  some  reapeota,  but  produced  a  wctik  material,  and  did  not  oome  up  to 
my  wiahea. 

**  I  spent  all  my  spare  time  for  months  with  those  experiments ;  my 
habit  waa  to  despatch  them  quickly,  making  them  very  tmall  in  bulk, 
throwing  aside  some  thousands  of  trial  scrape,  and  seleottng  and  keepii^ 
for  inspection  any  that  appeared  promising.  During  the  winter  months 
I  generally  found  the  weather  cold  enough  to  test  my  scraps^  but  aa  the 
spring  and  summer  came  on,  I  employed  ioe,  purohased  from  an  ioe-eart 
which  passed  my  gate  every  morning,  and  many  an  earnest  and  careful 
examination  have  I  made  in  a  morning  of  the  sorapa  in  the  ioe. 

"  My  experiments  now  had  become  very  interesting ;  1  had  certainly 
produced  in  some  of  my  scrape,  or  portiona  of  some  of  them,  that  ooodition 
of  rubber  which  I  afterwards  called  the  '  change.' 

*M  cannot,  of  course,  now  say  in  which  scrap  or  at  what  partieular 
moment  I  struck  out  the  firet  spark  of  the  'ehange^'  beeaoae  I  had  a  grvit 
number  of  scraps  under  my  hand  at  one  time,  and  I  alao  found  that  wImb 
expoeed  even  to  ice,  the  stiffening  effect  of  cold  was  not  always  immediately 
apparent ;  and  I  waa  thus,  during  my  comparative  ignoranee  of  the  nalniw 
of  my  discovery,  frequently  misled  and  disappointed  from  two  eaoasa :  inl^ 
what  it  was  in  the  successful  compounds  that  produced  the  e0eet;  and 
secondly,  I  was  ignorant  of  the  importance  of  the  degrees  of  tenpamtnrs 
employed,  aa  well  as  of  the  like  imporUuioe  of  the  period  to  wUoh  any 
specifio  compound  required  to  be  aubmitted  to  heat. 

**  These  poinU  oould  be  asoerUined  with  exactoeas  only  by  time  and 
vigilant  watching,  and  thia  I  began  immediately  to  aei  about ;  and  aa  the 
law  allows  a  patentee  six  months  to  work  out  his  diseoveriea  before  be  ia 
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called  upon  to  enrol  his  speoiScation,  I  applied  for  and  obtained  a  patcut 
for  my  inventions,  which  passed  the  ^reat  seal  on  the  2lHt  Novemhor  1843. 

"  I  found  that,  when  submitting  the  compounds  containing  sulphur  to 
heat,  it  was  necessary,  after  ascertaining  the  temperature  that  suited  any 
compound,  to  find  also  the  period  of  exposure  to  the  heat  that  produced  the 
best  result  Until  I  noticed  the  necessity  for  this  particularity,  I  was  often 
sadly  perplexed,  as  the  same  compounds  exposed  to  the  same  temperature 
were  sometimes  good  and  sometimes  bad  in  practice :  the  variation  is  from 
one  to  six  or  seven  hours,  or  more.  All  the  way  through  these  experiments 
for  producing  the  'change,'  I  had  no  other  guide,  of  course,  than  to  watch 
for  any  promising  appearance  in  any  of  the  scrape,  and  to  improve  upon 
them ;  but  I  now  know  I  was  frequently  thwarted  by  my  want  of  informa- 
tion as  to  what  cause  the  diflferent  appearances  were  due,  and  particularly 
in  regard  to  the  temperature  I  employed,  which  was  somewhat  at  random, 
knowing  how  freely  I  could  use  it  within  certain  limits  without  injury. 

"A  thought  now  occurred  to  me  that  in  the  end  proved  extremely 
valuable.  Revolving?  in  my  mind  some  of  the  eflTccts  produced  by  the  high 
degrees  of  heat  I  had  employed  in  making  solutions  of  sulphur  and  rubber, 
as  before  stated,  in  oil  of  turpentine,  it  occurred  to  me  that  as  the  melting 
point  of  sulphur  was  only  about  240°,  which  I  knew  would  not  be  injurious 
to  the  rubber,  it  would  be  well  to  see  what  would  ensue  on  immersing  a 
slip  of  sheet  rubber  in  sulphur  at  the  lowest  melting  point.  I  accordingly 
melted  some  sulphur  in  an  iron  vessel  and  immersed  in  it  some  slips  of  cnt 
sheet  rubber  about  half  an  inch  wide  and  about  one-sixteenth  of  an  inch 
thick.  After  they  had  remained  some  time  I  examined  them,  and  found  the 
surface  had  assumed  a  yellowish-tan  colour.  I  immersed  them  again ;  and 
on  withdrawing  them  the  second  time,  I  cut  one  of  them  across  with  a  wet 
knife,  and  found  that  the  rubber  was  tinged  of  this  tan  colour  to  a  con- 
siderable depth.  I  immersed  them  again ;  and  on  the  third  examination  I 
found  the  tan  colour  had  quite  penetrated  through  the  slip.  This  was 
strong  evidence  that  the  rubber  had  freely  absorbed  the  sulphur,  and  I 
fully  expected  to  find  that  these  slips  were  now  *  changed,'  but  in  this  I 
was  greatly  disappointed,  for,  on  applying  the  tests,  I  found  that  not  the 
least  'changing'  eficct  had  been  produced.  I  now  replaced  them  and 
raised  the  temperature  of  the  sulphur,  and  allowed  them  to  remain  a  con- 
siderable time ;  and  on  withdrawing  one  of  them  the  fourth  time,  I  found 
to  my  great  satisfaction  that  it  was  perfectly  'changed,'  retaining  the 
same  tan  colour  throughout.  The  other  slips  remained  in  the  sulphur  whilst 
this  examination  was  going  on,  and  on  withdrawing  them,  I  found  the  lower 
and  nearest  the  fire  turning  black  and  becoming  hard  and  homy,  thus  at 
once  and  indubitably  opening  to  me  the  true  source  and  process  of  pro- 
ducing the  'change'  in.all  its  pure  and  pristine  simplicity." 

The  action  of  sulphur  upon  india  nibber  depends  upon  a  great  number 
of  factors,  the  most  important  of  which  is  heat.  Whether  the  action  be 
induced  by  immersing  the  india  rubber  into  molten  sulphur,  or   by  ex- 
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posing  miiiures  of  indk  rubbor  uid  sulphur  lo  immfmtttntm  thow  Um 
melting  point  of  nulphur  (114*  C),  do  mArlMd  acUoo  Ukat  pUee  until  the 
tMspeimture  hai  pMMd  120*  C  Evwi  Umo,  vhAt  fOMiioo  dois  tsk* 
plaee  prooeodi  with  •ttrema  tlowiMti.  For  praeCkal  punwuni  tho  teropen- 
tore  emplojed  nngat  ftt»ai  136  to  360*  C. 

The  amount  of  lulphur  omplojed  in  pnujtioa  varies  Yorv  grmiiT,  irooi  4 
up  to  50  per  oent ;  but  the  amount  of  lulpliur  fixed  by  the  faidia  nabb«r  vwy 
rarelj  exoeeda  S  per  oent,  and  ia  geoerallj  leak  It  ia  therefore  obvioua  thai 
free  aulphur  in  Tarioua  proportlona  alwaya  forma  a  oooatitiieoi  of  ordinary 
Yuloaniaed  India  rubber  gooda. 

The  Tuloanieation  prooe«  ia  oonaiderablj  aooeletated,  and  in  eereraJ 
raepeeta  diatinotlj  ^Militated,  bj  the  preeenoe  of  aulphur  oarriera  In  this 
reapeot  antiroonj  pentaaulphtde,  anenio  pentasulphide,  arsenic  trisulphide 
(orpiment),  and  araenio  disulphide  (realgar)  proTe  moat  efleetiTS^  and,  in  a 
leanr  degree,  lead  thiosulphate,  lead  sulphide,  siuc  sulphido;  trad  uxid« 
(litharge),  and  lead  oarbonate  (white  lead). 

It  is,  howsTer,  not  only  bj  meana  of  free  sulphur  that  the  Tulcanisatioo 
of  india  rubber  oan  be  effected.  OteiRD  showed  that  thia  can  alao  be  dooe 
by  heating  the  india  rubber  with  solutions  of  the  alkaline  polysulphklaa 
Indeed,  thia  prooees  renders  it  possible  to  effect  ▼uloaniiation  at  tampeiBtimi 
very  little  abore  the  boiling  point  of  water. 

The  nature  of  the  vulcanisation  process  is  still  very  little  undeistood, 
most  of  the  writers  expressing  themaeWes  very  guardedly  upon  thia  point, 
and  attributing  vulcanisation  to  *abaorptioo'  of  sulphur.  Bubobabot* 
auggeeta  that  vulcaniaation  consista  **  in  the  alteration  of  the 
reain  through  the  production  in  it  of  a  *  sulpho-compound/  a  certain 
of  hydrogen  in  the  caoutchouc  being  roplaoed  by  sulphur."  humatujan 
evidently  overlooks  the  fact  that  this  assumption  would  imply  the  fonnatioo 
of  34  parts  of  hydrogen  sulphide  for  every  32  parte  of  sulphur  oomhininf 
with  the  india  rubber.  If  this  view  waa  oorrect,  the  amount  of  hydfogea 
sulphide  produced  by  an  india  rubber  liaotory  vulcanising  only  6  ewi.  of 
india  rubber  per  day  would  amount  to  oonaiderably  over  100  eobie  ffsei  per 
day.  There  would  be,  to  say  the  least  of  it,  strong  evidence  d  the  evoln- 
tion  of  such  a  v  •  thb  obnoxioua gaa  in  the  vulcanising  rooma,  whiob, 

under  normal  c  >  and  ciroumstanoes,  u  never  the  ease.     Knmeraaa 

«-xporiments  I  conducted  to  detect  the  evolution  of  this  gaa  in  the  vulosaia* 
ing  prooees  under  kboratory  oooditiona  failed  to  diaoloaa  the  JntmaHna  cl 
even  traces  of  hydrogen  sulphide. 

Very  likely  BuKuiiARDT*s  view  waa  founded  upon  a  statement  by  Patbi 
on  this  point,  which  is  to  the  following  effect :— **  With  Iha  beginning  of 
this  reaction,  and  during  the  whole  of  the  time  it  ia  in  piogiaa  that  is^  al 
a  temperature  of  from  135  to  145*  C— oombinatioo  of  the  aalphnr  with  a 
amall  quantity  of  the  hydrogen  of  the  organic  aubstanoe  ia  going  00,  rasnlt^ 
ing  in  the  oontiuuous  formation  of  hydrogen  sulphide^  of  wtiiob  aulphur  oan 
>  Tkm^t  DkL^AfpL  OUm..  voL  0.  p.  Sit. 
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absorb  nearly  its  own  voluma  A  ourious  phonomcnon  resnItR  from  this 
fact  if  the  vulcanisatioD  is  carried  out  in  a  bath  of  melted  sulpliur:  as 
soon  as,  on  oomplctiun  of  the  operation,  the  temperature  of  the  bath  is 
allowed  to  fall,  the  crystallising  sulphur  liberates  the  hydrogen  sulphide,  and 
the  evolving  gas  causes  the  semi-fluid  mass  of  sulphur  to  rise." 

This  statement  is  not  very  conclusive  concerning  the  point  in  question, 
and  assuming  that  Patbn  employed  in  his  experiments  india  rubber  which 
had  not  first  been  freed  from  all  resinous  and  oily  matters,  the  evolution  of 
hydrogen  sulphide  in  small  quantities  wouM  thereby  be  explained.  How- 
ever, Patbn's  experiments  led  him  to  consider  the  vulcanising  process  as  a 
substitution  of  sulphur  for  hydrogen. 

Ubinzerlino  expresses  himself  as  follows  on  the  vulcanising  question  : — 
**  It  is  not  known  with  certainty  whether  the  chemical  union  of  sulphur 
with  india  rubber  is  an  addition  or  a  substitution  process.  That  chemical 
combination  does  take  place  seems  to  follow  with  necessity  from  the  fact 
that,  whereas  before  vulcanisation  both  india  rubber  and  sulphur  are  soluble 
in  carbon  bisulphide,  they  are  rendered  completely  insoluble  by  this 
process." 

Donath's  views  upon  this  subject  are  interesting.  He  seems  to  consider 
the  vulcanising  process,  not  as  a  purely  chemical  phenomenon  expressible  in 
definite  terms  of  molecular  interaction,  but  as  a  phenomenon  of  molecular 
aggregation  in  indefinite  proportions,  and  in  many  respects  comparable  to 
metallic  alloys.  Against  the  assumption  of  definite  compounds  of  sulphur 
and  india  rubber,  he  objects  that  vulcanisation  can  be  carried  out  by  means 
of  metallic  sulphides  as  readily  as  with  free  sulphur,  which  fact  would 
necessitate  the  assumption  that  the  sulphides  of  antimony,  mercury,  and  lead 
give  up  their  sulphur  to  the  india  rubber. 

Th.  Seeligmann  ^  assumes  "that  the  phenomenon  which  is  understood 
by  the  name  of  vulcanisation  is  only  the  first  of  a  series  of  successive 
transformations  occurring  at  definite  temperatures  and  in  the  presence  of 
excess  of  sulphur  in  the  hydrocarbons  which  constitute  india  rubber. 
The  terminal  stage  of  this  transformation  series  is  reache<l  with  ebonite, 
which,  if  we  adopt  the  views  of  C.  0.  WaBKit,  would  represent  one  or  more 
double  atoms  of  polypreue  linked  together  by  one  or  more  atoms  of 
sulphur. 

"  To  us  vulcanisation  appears  simply  as  an  operation  by  which,  at  the 
most  opportune  moment  and  At  a  certain  stage,  a  chemical  reaction  is 
arrested,  the  completion  of  which  would  lead  to  a  vastly  different  product 
than  the  one  it  is  desired  to  obtain." 

The  only  element  of  progress  in  Seeliomann's  view,  as  it  appears  to  me, 
is  his  somewhat  timid  adoption  of  the  view  of  the  nature  of  vulcanisation 
first  stated  by  me  some  years  ago.'  For  a  satisfactory  theory  of  vulcanisa 
tion  this  is  scarcely  sufliicient. 

*  Th.  Skeliomann,  Lt  Caoutchouc  ei  la  QtUta  Percha,  Paris,  1896,  p.  178. 

*  Soe.  Chem.  Ind. 
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SiKUOMAifii  beliovM  that  ao  Afgtunont  to  Hnmr  of  hk  vi«««  m 
furaiabed  bj  mi  «i|MHrtoiaot  bjr  PATtj«,  wbieb  I  quoto  to  full:— 

'*  EthflT  and  wurboo  biwilphida,  00  pioloQgwl  tlMidtof  trltb  vukudnd 
iodto  robber,  diMolve  aboat  4  to  ft  por  eaot,  whkh  «aa  bt  iaolatod  aad 
■eparated  from  tmo  lulpbur  bj  ofapoimtloD  and  ra^olutioo  to  oUmt.  Tbo 
robber  obtained  from  tbe  etbereal  tolntkm  Tialda  to  abeoloU  aleoliol  fipooi 
1  to  1  '9  per  oeot  of  fattj  matter. 

"The  todia  robber  thus  extracted  oao  be  ieparated  toio  two  parU» 
one  of  whioh  it  Yarj  ductile  and  aoluble  to  baiMwna^  fhim  whfieh  koMi 
be  obtained  by  eraporatioo,  while  the  otber  part  ii  tooghar,  les  aiaaffci, 
and  inaoluble.  Theae  two  parte  are  deriTed  from  the  inner  parta  of  the 
vuloanieed  robber  where  the  compound  ia  lea  reeiataot  and  poorw  to 
sulphur  than  the  parts  n«ar  the  surface. 

''After  ita  Tulcanisation  there  exist  in  the  india  robber  still  two  parte 
possessing  different  degrees  of  cohesion  and  solubility.  This  beeomes 
noticeable  on  keeping  a  piece  of  Tulcanised  robber  tepe  immerMd  dortog 
two  months  in  a  mixture  of  carbon  bisulphide  and  abeolute  aloohol 
(10  :  1).  The  solution  thus  obtained  is  evapomtod  to  dijuess,  the  free 
sulphur  removed  by  treatment  with  caustic  soda,  and  we  obtato  then  the 
less  aggregated  part  of  the  organic  substance  (our  'adhesiTe'  hjdfoearbon 
transformed  by  sulphuration)  poesessmg  little  strength,  yellowish  to  oolooi^ 
and  translucent  The  insoluble  part  of  the  tape  is  found  to  have  |iiwsrf»d 
ita  form,  but  to  have  turned  brown  and  less  timnsparsnt  (our  more 
sinewy  ^  hydrocarbon  undiluted  by  the  adhesiTe  and  soluble  part).  Tbess 
constituents,  omitting  the  fatty  matter,  were  obtaiued  m  the  following 
proportions: — 

losolobls,  dnswj  portbii,    .  .        .        AS  per  c«aL 

Sofaible,  adbesivs  portiofi. 

Frss  solphor, 

T  have  no  reason  to  doubt  that  Payb.h  effected  a  separation  ci  vul- 
canised robber  into  a  soluble  and  an  insoluble  part  in  the  above  propor- 
tions, but  I  emphatically  deny  that  this  separation  bears  out  in  the  least 
the  important  conclusions  Patut  baaed  upon  it  The  extent  to  wUeb 
the  fact  of  the  existence  of  an  insoluble  constitaent  to  india  robber  hat 
inspired  the  imagination  of  our  French  colleagues  is  troly  astoniihhig. 
But  even  mors  so  is  the  uncritical  manner  to  which  the  amooat  of  this 
insoluble  matter  in  inJia  robber  has  been  exaggenUed '  to  aboat  tso  tissss 
ite  real  value,  assuming  at  the  same  time  hr  this  insoluble  part  identify 
of  elementary  composition  with  that  of  the  soluble  part,  and  all  this  to 
the  absenoe  of  any  reUable  analytical  data  of  any  sort 

PATnrIi  above  described  expsriment,  and  ite  entirsly  eiiouecos  intw- 
pretetion,  prove  nothing  for  or  sgaint  SrauoHAKirlB  before  stated  views 
regarding  the  nature  of  vnloanisation,  Tbej  sppMr  to  w  mers^  as  an 
attempt  to  demonstrate  the  ptslalsnes  to  the  indin  nibbsr  oven  aUrr 

*  The  stiilaal  has '  aarvsox.* 
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vuloaoisation  of  its  'sinewy'  and  of  its  insoluble,  as  well  as  of  its 
adheuTe  and  soluble,  constituents.  We  have,  however,  secn^  that  the 
insoluble  part  of  India  rubber  (Pari)  forms  a  very  insignificant  portion 
only  of  the  whole,  and  we  have  also  disposed  of  the  current  assumption 
that  the  ooniposition  of  this  insoluble  part  is  identical  with  that  of  the 
rest  of  the  india  rubber. 

I  have  attempted  to  repeat  Payen's  above  described  experiment  in 
order  to  make  an  exhaustive  examination  by  analysis  of  the  products  of 
this  separation.  A  specimen  of  Pard  rubber  vulcanised  with  10  per  cent. 
of  sulphur  at  135*  C.  during  two  houra  was  employed.  Tiiis  specimen 
contained  after  vulcanisation  3-98  per  cent,  of  combined,  and  5  96  per  cent,  of 
free,  sulphur.  It  was  cut  into  very  fine  threads,  which  were  during  three 
months  kept  submerged  in  Paten's  mixture  of  carbon  bisulphide  and 
alcohol  (10  :  1).  At  the  end  of  this  time  the  threads,  although  much 
distended  and  swelled,  showed  not  the  slightest  sign  of  disintegration 
such  as  Paykn  observed,  and  after  drying  appeared  practically  unaltered. 
Assuming  that  the  failtire  of  this  experiment  might  be  due  to  the  degree 
of  vulcanisation  of  the  sample  being  too  high,  another  samf)le,  vulcanised 
at  125*  C.  for  two  hours,  was  treated  in  exactly  the  same  manner.  This 
sample  contained  1*9  per  cent,  of  combined  sulphur.  The  result,  however, 
was  exactly  the  same.  In  order  to  ascertain  finally  whether  a  desintegra- 
tion  of  the  kind  described  by  this  author  could  be  effected  by  the  action 
of  his  special  solvent,  the  last  named  of  the  above  mentioned  samples, 
together  with  the  solvent  in  which  it  had  been  immersed,  was  for  a  whole 
week  heated  to  boiling  point  on  a  reflux  condenser.  This  experiment 
also  failed  to  produce  the  eflfect  upon  the  india  rubber  described  by 
Paten.  The  extracts  obtained  in  every  case  consisted  of  the  free  sulphur 
contained  in  the  sample,  together  with  the  resinous  matter  of  the  india 
rubber  amounting  to  less  than  3  per  cent,  of  the  mass  of  the  sample 
operated  upon. 

A  still  more  recent  attempt  to  explain  the  vulcanisation  phenomena 
is  due  to  J.  Minder.'  His  fundamental  views  are  expressed  in  the 
following  three  sentences  : — 

1.  "Vulcanisation  is  produced  by  sulphur  in  the  state  of  a  vapour. 
In  this  form  it  penetrates  into  the  rubber  molecule,  thus  vulcanising  the 
india  rubber." 

3.  "Already  at  ordinary  temperatures  sulphur  possesses  a  sensible 
vapour  tension,  which  explains  the  fact  that  thin  slieets  of  india  rubber 
containing  sulphur  undergo  spontaneous  vulcanisation  at  ordinary 
temperature  when  left  to  themselves  for  a  long  time." 

3.  "In  order  to  accelerate  vulcanisation,  the  tension  of  the  sulphur 

vapours,  and  their  density,    must  be  increased.     This   may    be  attained 

either  by  heating   the   sulphur  and  immersing  the   india   rubber   in   it 

(sulphur  bath),  or  by  mixing  the  india  rubber  with  sulphur  and  heating 

1  See  page  8.  *  Ownmi  ZeUung  [14],  1900,  247. 
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the  mixture  (dry  beat  oars,  tUmm  oureX  or  bj  diHolviof  fai  % 
•oWent  ohttmieallj  oombinod  tulpbur  TApoun,  and  alluviiif  toeb 
to  Aot  upoo  indlA  nibb«.* 

TboM  ■tfttamoots  wafhr  from  %  eortein  vagqtoiM  of  dietioo  Mid 
of  definitioQ.  Tbb  |»rtiouUrlj  referi  to  tho  ftni  of  tboni,  tad  ks  ^ 
impUoAtkm,  to  tbo  aooood  Ulurwitc^  although  thoj  an^  io  n^ 
unqnaatioiiablj  oorroct  as  itf  at  tboj  ga  Tho  third  of  thoM 
I  ooiuider  in  every  reepeot  errooeoaa;  indeed,  it  b  io  pan  quite 
uDinteUigibla.  It  is  an  oTerjdaj  eiperieooe  that  to  ■ooeletBte  the 
TuloanieatioQ  prooeee  we  mutt  inoreaae  the  temperattire.  This  will 
iDcidentaUj  result  in  an  inoreaae  of  the  vapour  teotioo  of  the  eulphar, 
but  we  pooMSi  no  eridenoe  whatever  that  this  vapour  teotioo  iteelf  is  the 
determining  factor  of  the  rate  of  vulcaniMtioo.  Vapour  teonoo  it  a 
purely  lUtio  condition  which  is  devoid  of  any  iofluenoe  upon  ohtmieal 
reactions,  although,  if  a  ohange  of  vapour  tension  involves  a  ohangt  of  the 
molaouUr  (ohemioal)  state  of  the  vapour,  such  an  influeooe  may  bteomt 
apparent,  but  is  even  then  due  entirely  to  the  Utter  canst.  80  that,  if  wo 
produce  the  latter  ohange  without  changing  the  former,  or  even  ^'**"g*«»f 
this  in  the  opposite  sense,  the  aoodtrating  eflbot  of  the  molecular 
would  neverthelest  be  there. 

Entirely  erroneous  is  MiHDBR't  view  as  to  the  nsosssity  of  ii 
the  density  of  the  sulphur  vapours  in  order  to  inerease  their  vul 
action,  and  still  worse  is  his  assumption  that  this  inoreaae  of  density  eaa 
be  achieved  by  raising  the  temperature  of  the  8ul|»hur  vapours. 

Equally  unfortunate  is  Minder's  explanation  of  the  curing  aetioo  of 
chloride  of  sulphur  as  quoted  above  in  the  third  of  hit  sttttmontSL  To 
U^gin  with,  his  description  of  chloride  of  sulphur  at  'ehemioaUy  oombined 
sulphur  vapours'  is  rather  peculiar,  and  he  altogether  oroita  to  explain 
why  'chemically  oombined  sulphur  vapours'  should  combine  with  India 
rubber  at  all.  Indeed,  the  evidence  of  the  soorss  of  liquid  and  gastoot 
sulphur  compounds,  to  all  of  which  his  description  of  the  chloride  of 
sulphur  would  apply  likewise,  would  tend  to  prove  that  'chemiesUy 
combined  sulphur  vupours '  do  not  combine  with  india  rubber. 


3.  VMleamsaium  w'ih  Chloride  of  Mphttr, — The  process  of 
india  rubber  with  chloride  of  sulphur — sulphur  inooochloridt  8,0^ — waa 
discovered  by  Paekbs  in  1846,  and  is  now  technically  known  as  the  *cokl 
curs,'  to  distiufniish  it  from  the  'dry  heat  cure*  or  *ateam  dnrs^'  as  Iht 
processes  of  vulcanisiufic  ^ith  sulphur  are  variously  called.  U  is  carrisd 
out  by  treating  the  objects  to  be  Tulcanissd  with  a  from  1*5  to  3  psr 
cent,  solution  of  sulphur  moooohloride  in  carbon  bkolphid«.  To  a  vory 
limited  extent,  chiefly  for  the  vulcanisatioo  of  certain  kinds  of  doablo- 
heed  sheets  and  waterproof  cloth,  a  'vapour  core'  is  also  in  osa,  in 
which  the  goods  to  be  cored  are  hung  in,  or  eoothinoasly  carried  through, 
a  chamber  which    is  either  charged   with   the  vapoon  of  chlorUt  of 
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sulphur,  or  in  which  olilorido  of  8ul{)hur  is  slowly  evaporated  at  a  definite 
rate. 

The  action  of  sulphur  monochloride  upon  india  rubber  is  extremely 
energetic,  so  that  for  practical  purposes  a  diluent  must  be  eniplovod.  The 
diluent  which  is  practically  universally  used  is  carbon  bisulphide,  but 
the  extremely  inflammable  nature  of  this  liquid,  and  its  very  serious 
action  upon  the  health  of  the  work-people,  caused  numerous  attempts  to 
be  made  to  substitute  a  safer  and  less  obnoxious  solvent.  As  such, 
petroleum  ether  and  benzene  have  generally  been  suggested.  But  al- 
though in  a  few  isolated  instances  these,  and  especially  benzene,  may  be 
used  with  satisfactory  results,  it  cannot  be  denied  that  in  the  large 
majority  of  cases  carbon  bisulphide  is  vastly  superior  to  all  other  solvents. 
The  reason  for  this  l)ecomes  at  once  evident  if  we  comparo  the  behaviour 
of  the  three  above  mentioned  solvents.  We  then  observe  that  there 
exists  a  very  striking  difference,  not  only  in  the  degree,  but  also  in  the 
rate,  of  distension  exhibited  by  strips  of  india  rubber  immersed  in  these 
three  solvents.  It  is  obvious  that  the  more  rapidly  a  solvent  diffuses  into 
and  through  india  rubber,  the  more  homogeneous  will  be  the  vulcanisation 
obtained.  Now,  the  great  drawback  and  technical  limitation  of  the  'cold 
cure' process  of  vulcanisation  lies  in  the  fact  that  only  very  thin  sheets 
of  india  rubber  can  be  homogeneously  vulcanised  by  means  of  this  procbss, 
and  this  is  due  to  the  fact  that  vulcanisation  to  the  degree  required  for 
practical  purposes  takes  place  within  a  few  seconds.  Longer  immersion 
would  produce  fatal  overvulcanisation,  and  consequently  the  sheets  or 
articles  must  be  withdrawn  as  soon  as  their  outer  surface  is  fully  vul- 
canised. It  is  obvious,  then,  that  vulcanisation  can  only  be  effected  to 
the  extent  that  the  solution  was  capable  of  penetrating  to  during  the  time 
required  for  the  full  vulcanisation  of  the  surface,  and  this,  in  thicknesses 
of  india  rubber  within  this  range  of  penetration,  must  necessarily  imply 
that  the  employment  of  the  most  rapidly  diffusing  solvent  must  produce 
the  most  homogeneous  vulcanisation.  It  is,  no  doubt,  the  very  high  rate 
of  diffusion  of  carbon  bisulphide  into  india  rubber  which  confers  its 
superiority  over  all  other  solvents  which  have  been  tried  for  the  pur[X)8e. 

At  one  time  a  process  known  as  *  vapour  cure '  was  fairly  extensively 
employed,  especially  for  the  curing  of  waterproof  cloth.  In  this  process 
the  articles  to  be  vulcanised  were  hung  in  special  chambers  and  there 
subjected  to  the  action  of  the  vapours  of  sulphur  monochloride.  This 
process  suffers  in  a  much  more  pronounced  manner  from  the  drawbacks 
we  have  already  observed  in  the  previous  process. 

As  far  as  the  volume  of  the  literature  dealing  with  this  subject  is 
concerned,  it  may  be  said  that  the  vulcanising  action  of  chloride  of  sulphur 
upon  india  rubber  has  been  much  less  enquired  into  than  the  corresponding 
action  of  sulphur  alone.  Indeed,  what  statements  we  can  find  respecting 
the  nature  of  the  *  cold  cure  *  process  are,  in  the  majority  of  cases,  not 
more  than  guesses,  often  made  without  any  experimental  reference,  and 
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eTen  without  any  proper  eooiklatmtloo  of  Um  **^ntknl  nmlw  of 
rublier. 

Tbua  we  m  told  bj  mxUnr  writtn  opoo  tUi  tisbjMe  tba  tiM  vokao- 
Idng  Aotioo  of  chloride  of  eolphur  ie  due  to  its  chlorine  euliaifellj,  one 
author  going  to  far  m  to  eawrt  that  cliloride  of  eulphur  wi§  oMfvlj  ehMoe 
in  A  diluted  form.  The  chemicel  reectioo  involTed  ia  the  ti^lkm  of 
chloride  of  sulphur  upon  IndiA  rublwr  U  by  a  iurt  of  comtni^u  ajoiMit 
MMuned  to  be  one  of  lubttitution. 

Fawbitt  *  expreeMd  the  opinion  timt  in*- 
oomitted  in  the  eubetitution  of  eulphur  for  .  j 
either  in  the  gaeeout  state,  or  forming  hydrochloric  acid  with  the  fblffrfnt 
of  the  sulphur  moooobloride.  BtmoHABor's*  expUnation  is  moeb  oo  tbe 
same  linea  TBomoir  eiprewes  the  opinion  that  the  Tolcanising  aelkio 
of  sulphur  monochloride  is  due  to  the  chlorine,  and  not  to  the  sulphur,  of 
this  compound.  Tiaar  '  farours  a  very  similar  opinion,  as'  will  be  obeenred 
fktxn  the  following  statement : — 

**  With  regard  to  the  action  of  this  body  (chloride  of  sulphur),  I  think 
there  can  be  no  doubt  that  it  is  due  to  the  ohloriue,  and  that  although 
some  sulphur  must  necessarily  be  *abeorbed'  at  the  same  time  by  the 
rubber,  yet  that  this  latter  does  not  play  any  part  in  the  reaotioo.  Snlpbnr 
in  the  cold  has  no  effect  on  rubber,  and  chloride  of  sulphur  most  be  looked 
upon  as  merely  chlorine  in  a  diluted  form.  The  action  of  ohloriue  io 
whatever  form  applied  may  be  measured  by  the  amount  of  hydroohkrio 
acid  produced." 

Two  further  views  have  recently  been  presented  on  this  subjeei  by 
HoHN,*  and  subsequently  by  Mindib.*  The  former  states  that  for  the 
vulcanisation  with  sulphur  monochloride,  a  softening  of  the  india  rubber, 
analogous  to  the  softening  produced  by  heat  in  the  '  dry  cure '  process^  is 
essential.  This  softening,  according  to  him,  is  produced  by  the  SDlveote 
employed  for  the  sulphur  monochloride.  After  this  intnxlttotioo  be 
advances  as  his  main  proposition  that  the  'cold  cure'  proesss 
merely  in  an  '  abeoiption '  of  sulphur  by  the  india  rubber, 
by  any  chemical  reaction.  The  proofs  he  adduces  in  sapport  of 
startling  statements  are  conftiaed.  The  whole  of  his  reasoning  ii^  Indssil, 
devoid  of  any  trMO  of  experimental  evidence. 

MiiiDBR^  views  may  be  summarised  at  foUowa  :<— 

1.  Chloride  of  sulphur  is  the  oondenaed  or  eooeeotnled 
chloride  of  sulphur,  which,  by  virtue  of  its  very  high  deiMtty,  I 
action  upon  india  rubber  so  violent  as  to  be  destmotive.     Tbis 
can  be  moderated  by  diluting  the  ohkMride  of  tnlphor  with  a  eolvwi^  to 
that  the  solution  repreeents  really  a  conoeotratko  of  the  sulphur  vapoora 

>  /mm.  Soc  CUmu  hd,,  18M.  p.  6Sft. 

•  Tkarft'9  Did.  1^  AppL  OUn..  vol  iL  pw  Sll 

*  Imdmtrim,  MM.  «  Oimmi<  IMhraf  [Ul  17,  U.  •  iUL  n«l  947. 
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equal   to    that  of  sulphur   vapour  at   the   tcnjperature   of   the  sulphur 
Uth. 

2.  The  chlorine  in  the  cold  cure  process  assumes  the  function  of  the 
heat  in  the  sulphur  bath  process  by  maintaining  the  sulphur  vapours  in 
the  oonditioQ  in  which  alone  they  are  capable  of  vulcanising  the  india 
rubber. 

These  statements  add  in  no  way  to  our  knowledge  of,  and  our  insight 
into,  the  nature  of  the  cold  cure  process,  as  they  draw  only  an  extremely 
precarious  parallel  between  the  '  cold  '  and  the  *  hot '  process  of  vulcanisa- 
tioD.  The  suggestion  that  chlorine  in  combination  with  sulphur  can 
assume  the  function  of  heat  acting  upon  sulphur  may  or  may  not  have 
a  substratum  of  truth  in  it.  If  so,  it  is  put  in  a  most  unfortunate  way, 
reminding  one  rather  of  seventeenth  century  methods  of  reasoning  from 
analogy  than  of  modern  methods  of  scientific  argument. 

Nor  does  Minder's  presentment  of  the  case  give  the  least  idea  why  in 
the  cold  cure  process  it  should  not  be  possible  to  substitute  any  other 
sulphur  compound  known,  all  of  which  he  will  be  equally  justified  in 
considering  as  *  condensed  or  concentrated  sulphur  vapours.' 

The  fact  is,  Minder  has  missed  the  most  important  point  in  his 
enquiry:  the  elucidation  of  the  fact,  if  such  it  be,  that  only  sulphur 
vapour  is  capable  of  effecting  vulcanisation.  He  was  satisfied  to  accept  the 
first  property  of  sulphur  vapour  which  he  found  to  vary  directly  as  the 
temperature  as  a  sufficient  basis  for  a  theory  of  vulcanisation,  altogether 
overlooking  the  fact  that  vapour  tensions  are  equally  affected  by  pressure 
as  by  temperature.  The  density  of  a  vapour  being  its  most  easily  variable 
constant,  he  at  once  falls  back  upon  this  to  explain  the,  as  a  matter  of  fact, 
unquestionable  increase  in  the  rate  of  vulcanisation  observable  with  a  rise 
of  temperature.  But  here  he  is  led  hopelessly  astray  by  his  assumption 
that  the  density  of  sulphur  vapour  increases  with  temperature,  a  statement 
utterly  at  variance  with  facts.  To  do  him  justice,  in  a  subsequent,  largely 
explanatory  communication  ^  he  attempts  to  justify  that  assumption  by 
pointing  out  that  vulcanisation  is  always  conducted  under  pressure,  and 
that  pressure  certainly  increases  the  density  of  gases.  But  in  his  first 
paper  he  distinctly  states  that  india  rubber  cannot  be  cured  in  a  sulphur 
bath  at  from  115  to  120'  C,  because  at  these  temperatures  the  density  of 
the  sulphur  vapours  is  too  low,  and  must  be  increased  by  raising  the 
temperature.  Of  course  no  information  is  vouchsafed  as  to  how  the 
density  of  the  sulphur  vapours  of  an  open  sulphur  bath  is  increased  by  a 
rise  of  temperature. 

Minder's  hypothesis  suffers,  in  my  opinion,  from  the  radical  defect 

that  he  attempts  to  base  it  upon  the  phenomenon  of  vapour  density,  a 

purely  physical  phenomenon  which  in  no  way  but  from  the  point  of  mass 

in  unit  volume  exerts  a  determining  influence  upon  the  reactivity  of  a 

>  Oummi  ZeUung,  14,  441. 
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ebMniad  fTttem.    H«  Imtm  AltogtChar  ooi  of  aooiltoitloii  die 

dUte  of  the  sulphur  Tapour  aitd  iu  moUouUr  ehangm  du«  to  a  nm  ol 
tompermtura. 


3.  VuimnUtiinm  frith  ^y/MvVoritof.  — Thk  pinof  wm  at  one  tloM 
muoh  more  oommonly  uaod  than  at  proMot,  although  it  tUII  fonat  a  wj 
useful  adjuuct  to  the  before  deeoribed  prneeMai  for  tho  ptodaetioo  oi 
special  efleota.  It  is,  moreover,  very  probable  that  its  apparsot  dknae 
lies  in  the  secrecy  with  which  espcctallj  the  less  commoiilj  fiiaatissd 
processes  are  still  surrounded  in  rubber  factories.  lo  i^ff^  tad 
America  the  process  is  alluded  to  as  *aoidi«ing,'  but  f  hare  beeo  imabli 
to  discover  wlm  nriLriimt<v]   it,  or  who  is   respoiinible  for  its  barfaarous 


The  process  cousists  brioflj  in  the  treatment  of  the  india  rubber  with 
solutions  of  either  calcium  hypochlorite  (bleaching  powder)  or  sudium 
hypochlorite.  Hut  more  frequently  a  solution  of  free  hypochlofoos  aefal 
is  employed.  This  solution  is  prepared  by  adding  to  a  solatkn  of  Masrhfag 
powder  sufficient  10  per  cent  sulphuric  acid  to  conTert  into  ealoiiUB 
sulphate  one  half  of  the  total  calcium  preeent  Using  more  than  this 
amount  of  acid  would  result  in  the  libeimtioo  of  hjdroohlorio  add,  and 
thereby,  according  to  the  reaction 

HCIO  -!>  HGl  -  E/)  +  Cl^ 

the  hypochlorous  acid  would  be  destroyed.  Instead  of  sulphuric  acid,  the 
employment  of  which  involves  filtration  of  the  solutioo  from  the  prseiph 
tated  calcium  sulphate,  nitric  acid  is  frequently  used.  I  penoosUy  pfifcr 
boric  acid,  which  I  find  to  yield  much  the  best  solutions,  perhaps  owhig  to 
its  inability  to  decompose  the  culcium  chloride  present  in  the  aolutaooSb 
It  is,  however,  very  probable  that  very  good  results  can  be  obtained  bj 
decomposing  the  solutions  of  bleach  lime  with  the  sulphates  of  Tarjr  weak 
bases,  such  as  the  sulphates  of  sine,  magnesium,  or  aluminium. 

From  the  fact  that  an  aqueous  solution  is  employed,  it  will  readily  be 
inferred  that  this  vulcanisation  process  is  strictly  confined  to  the  vulcan- 
isation of  surfaces  only,  the  solution  being  quite  unable  to  peoetimte  into 
the  india  rubber.  Its  action  is,  therefore,  even  muoh  mors  loeal  than  that 
of  chloride  of  sulphur,  and  it  is  evident  that,  as  an  indepeodeot  vuleanisipg 
process,  this  agent  could  only  be  employed  for  the  ToleaniMtioo  of  flmt  of 
very  extreme  thinness.  What  reoommends  it  greatly  for  this  pwpOM  is 
the  fact  thut,  by  following  the  vulcanisation  by  a  washing  fint  with  wy 
dilute  ammonia,  and  subsequently  with  dean  water,  artadei  are 
which,  without  coatings  of  farina  or  Frenoh  chalk,  are  trm  from  1 
and  conuin  no  residue  of  any  kind  of  the  vnlcanidng  afeoti  a^y  iiosm  of 
hypochlorous  add  bdng  destroyed  by  the  ammnnk  aeoording  to  Ike 
following  equation : — 

SHdO  -I-  6NH.  -  SKH/3  •«•  IH/>  -¥  V^ 
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The  amiuonium  chloride  is,  of  course,  readily  removed  by  the  washing 
with  urater. 

The  most  frequent  and  most  useful  application  of  this  vulcanisation 
process  is,  however,  the  vulcanisatiun  of  '  surfacings '  or  'cii:LiiitIs'  uii 
ordinaxy  rubber  goods. 

The  chemical  aspect  of  this  vulcanisation  process  calls  fur  little  com- 
ment The  action  of  hypochlorous  acid  upon  {K)lyprenc  has  been  described 
above  (page  55),  and  we  may  therefore  take  it  that  vulcanisation  by 
this  agent  consists  simply  in  the  formation  of  an  addition  product  of 
the  type  of  the  ohlorhydrines : — 

CH,  :  CH,  +  HCIO  =  CHa(OH).CH,a 

Whether  a  reaction  of  this  type  really  represents  a  true  vulcanisation 
appears  to  me  somewhat  uncertain.  At  the  present  moment  it  still  appears 
to  me  that  the  true  vulcanising  effect  consists,  not  only  in  the  formation  of 
an  addition  product,  but  also  in  a  conjugation  of  india  rubber  molecules 
{see  also  page  92)  in  this  manner : — 

X      \  /       X 

cV-s-f-c 

y    /         \   y 

And  if  this  assumption  be  correct,  it  would  follow  that  only  divalent  elements 
such  as  sulphur,  but  not  monovalent  elements  such  as  CI,  or  radicals  such 
as  HO,  are  capable  of  producing  true  vulcanisation. 

It  is  also  noteworthy  that,  whereas  a  surface  vulcanisation  with  the 
halogens  («ee  below)  generally  imparts  a  more  or  less  pronounced  harsh 
feel  to  the  surface,  this  is  not  the  case  with  hypochlorous  acid,  and  there 
is  little  doubt  that  the  greater  softness  and  suppleness  in  the  latter  instance 
is  an  effect  due  to  the  entrance  of  the  hydroxyl  group  into  the  polyprene 
molecule.  Indeed,  in  discussing  the  products  formed  by  the  interaction  of 
solutions  of  polyprene  and  hypochlorous  acid,  I  already  called  attention  to 
the  fact  that  they  preserve  to  a  surprising  extent  the  flexibility  and  resil* 
iency  of  the  original  india  rubber. 

4.  Vvlcanisaiion  with  the  Haloids. — The  vigorous  action  of  chlorine 
and  bromine  upon  india  rubber  could  not  fail  to  suggest  their  utilisation  for 
vulcanising  purposes.  Huktzio  proposed,  as  far  back  as  1866,  the  employ- 
ment of  chlorine  for  the  manufacture  of  a  kind  of  hard  rubber.  In  1869 
and  in  1870  Ballon,  Nbwbbouoh,  and  Taoan  patented  various  processes  for 
vulcanising  with  bromine  or  iodine,  or  with  mixtures  of  them,  either  alone 
or  with  sulphur.  These  attempts  were  bound  to  result  in  failure.  The 
patentees  attempted  to  vulcanise  at  a  temperature  of  120*  C.  mixtures  of 
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indUi  rubber  with  tnm  S5  to  80  per  Mot  oT  iodiM,  or  eqtiivalcolqwoflliii 
of  iodine  bromide.  The  eoet  of  this  proeeH,  m  well  es  the  peeulkr  ehea^ 
eel  properUet  of  the  halogen  additioo  end  ■nbetitatjea  pndMCe  el  pel/- 
prone*  ere  eafleieot  to  eetablieh  a  priori  ite  pnetieel  wnrtMeMii— ,  perw 
ticularly  in  the  eheeooe  of  proof  of  enjr  dewrtpiiou  of  e  new  end  neelttl 
teohoioel  effect 

Week  eolatioM  of  bromine  io  eerboo  binilphide  >  give  feiriy 
raeolu  in  tuiieoe  Ttiloenieetioo,  but,  ee  eUeedj  eteted  ebove,  the 
eo  Tuloeniaed  ere  chereoteriaed  bj  e  more  or  lem  henh  feel,  end  if  the 
prooeei  be  not  eerried  out  Terj  oerefuUj,  eipeoiellj  ee  r^gerde  the  etrHflh 
of  the  aolutione  emplojed,  the  eurfeoee  ere  epi  to  be  nnn  elMtio  end 
brittle. 

Altogether,  it  ie  evident  that  neither  from  the  point  of  view  of  eoet^ 
eete  of  appUoation,  nor  of  technical  effect,  ie  there  anjr  induoemeni  to 
employ  the  halogens  aa  Yuloaniiing  egenta,  or  even  to  eiperiment  with 
them  in  thin  diroction. 

The  OoUoidal  Stote. 

The  difficulty  in  the  way  of  a  rational  explanation  of  the  Toloentsinf 
procem  liee  in  thiN,  that  the  vulcanieation  efieot  ealla  for oooaideiBtloi 
more  from  the  physical  aspect  than  from  the  chemical,  and  while 
two  aspeote  are  obWooelj  correlated,  our  almoet  oompleto  ignoranee  ol  the 
nature  of  the  colloidal  ttato  makee  the  elucidation  of  the  nature  ol  this 
correlation  a  practical  impossibility.  For  this  reaeon,  I  think,  it  ie  reeeon- 
ably  safe  to  asiert  that  we  cannot  hope  to  arriTO  at  a  clear 
of  the  TulcantsaUon  process  until  we  are  in  poeeeasion  of  a 
working  theory  as  to  the  nature  of  the  colloidal  state.  At 
far  from  this,  but  a  summary  of  our  scanty  knowledge  of  this  diflbtilt  and 
important  subject  may  be  deeirable  before  we  turn  our  attention  towarde 
the  chemical  side  of  the  rulcanisation  problem. 

As  is  well  known,  the  distinction  between  colloid  and  crTetaUoid  •ah> 
staooos  ie  tlie  outcome  of  GiuHAM'e  reeearchee  on  hydrtHliffusion.*  The 
monumental  work  which  he  has  left  us  has  not  only,  up  to  prHsni  tfan% 
eeareely  been  extended  in  any  direction,  but,  as  a  matter  ol  lMit»  H  hea 
almoet  dropped  out  of  sight,  and  the  brilliant  appreciation  in  his  waster 
mind  of  the  remarkable  physical  and  ohemioal  faote  eonneoird  with  the 
colloidal  state  is,  if  not  indeed  forgotten,  eertainly  realised  bj  vwy  few  ol 
present  day  workers.  Orabam's  Tiews  on  this  matter  ilseeits  to  he  qooted 
here  at  eome  length.    He  says : — 

**  The  colloide  appear  aingularly  inert  in  the  capadtj  ol  aoMe  and  beaei^ 


I  esBDot  bs  estd,  owi^  Id  ths  eelioa  of  1 
*  OiuiUM/'Ou  thoI)lffMoaolLiqiiid^*ThoBslMioaLHnBe,IML  IVoaa.lMi, 
l-46»  80&-«86  ;  1851.  4tS-4M.    B^NdsIly  "liqaid  UiMfli  ofvUod  Io  AmltywkJ' 
PkiL  Trmm$„  1801.  18S-SM.    /mt.  Chtm,  Am.,  IBM. 


58  INDIA    RUBBEK   AND   ITS   ANALYSIS. 

and  in  all  the  ordinary  ohemioal  relations.  But,  on  the  other  hand,  their 
peouliar  physical  aggregation  with  the  chemical  indifference  referred  to, 
appears  to  be  required  in  substancee  that  can  intervene  in  the  organic 
prooenea  of  Ufa  The  plastic  elements  of  the  body  are  found  in  this  class. 
As  gelatine  appears  to  be  its  type,  it  is  proposed  to  designate  substances  of 
the  class  as  colloids,  i\m\  to  speak  of  their  peculiar  form  of  aggregation  as 
the  ooUddal  condition  of  matter.  Opposed  to  the  colloidal  is  the  crystal- 
line condition.  Substances  affecting  the  latter  form  will  be  classed  as 
crystalloids.  The  distinction  is,  no  doubt,  one  of  intimate  molecular  con- 
stitution. 

**  Although  chemically  inert  in  the  ordinary  sense,  colloids  possess  a 
compensating  activity  of  their  own,  arising  out  of  their  physical  properties* 
While  the  rigidity  of  the  crystalline  structure  shuts  out  external  im- 
pressions, the  softness  of  the  gelatinous  colloid  partakes  of  fluidity,  and 
enables  the  colloid  to  become  a  medium  for  liquid  diffusion,  like  water 
itself.  The  same  penetrability  a]>pear8  to  take  the  form  of  cementation 
in  such  colloids  as  can  exist  at  a  high  temperature.  Hence  a  wide 
sensibility  on  the  part  of  colloids  to  external  agents.  Another  and 
eminently  characteristic  quality  of  colloids  is  their  mutability.  Their 
existence  is  a  continued  metastasis.  A  colloid  may  be  compared  in  this 
respect  to  water  while  existing  liquid  at  a  temperature  under  its  usual 
freezing  point,  or  to  a  supersaturated  saline  solution.  Fluid  colloids 
appear  to  have  always  a  pectous  modification,  and  they  often  pass  under 
the  slightest  influences  from  the  first  into  the  second  condition.  The 
solution  of  hydrated  silicic  acid,  for  instance,  is  easily  obtained  in  a  state 
of  purity,  but  it  cannot  be  preserved.  It  may  remain  fluid  for  days  or 
weeks  in  a  sealed  tube,  but  is  sure  to  gelatinise  and  become  insoluble  at 
last  Nor  does  the  change  of  this  colloid  appear  to  stop  at  that  point, 
for  the  mineral  forms  of  silicic  acid  deposited  from  water,  such  as  flint, 
are  often  found  to  have  passed,  during  the  geological  ages  of  their  existence, 
from  the  vitreous  or  colloidal  into  the  crystalline  condition.  The  colloidal 
is,  in  fact,  a  dynamical  state  of  matter ;  the  crystalloidal  being  the  statical 
condition.  The  colloid  possesses  energia.  It  may  be  looked  upon  as  the 
probable  primary  source  of  the  force  appearing  in  the  phenomena  of 
vitality.  To  the  gra^lual  manner  in  which  colloidal  changes  take  place 
(for  they  always  demand  time  as  an  element),  may  the  characteristic 
protraction  of  chemico-organic  changes  also  be  referred." 

And  further  on  : — 

"  I  may  be  allowed  to  advert  again  to  the  radical  distinction  assumed 
in  this  paper  to  exist  between  colloids  and  crystalloids  in  their  intimate 
molecular  constitution.  Every  physical  and  chemical  property  is  charac- 
teristically modified  in  each  class.  They  appear  like  different  worlds  of 
matter,  and  give  occasion  to  a  corresponding  division  of  chemical  science. 
The  distinction  between  these  kinds  of  matter  is  that  subsisting  between 
the  material  of  a  mineral  and  the  material  of  an  organised  mass. 
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•«TIm  oollokUl  diMnMtor  ii  nol  obUtoimtod  bj 
tbcrtfore  moro  than  a  modtfiefttioo  of  Um  plqnicAl  **«Mf»ffm  of 
SooM  oolkida  are  aolobto  in  watiTt  m  gahtina  aad  gvm  aable;  ^  «■» 
are  intdhibla,  lika  gum  tHH^MasUi.  Boom  ooUofak,  tfaia,  Ibm  «Hd 
eonpooiidt  with  water,  as  gelatine  and  gum  tragaoantli ;  while  othen,  llk« 
tannin,  do  noc  A  eertain  paralleiiitn  it  "»^n*ft*ftH  helveeo  the  two 
ola«ea  notwithatanding  their  diflhrenoaa. 

*'  llie  phenomena  of  the  eolutioo  of  a  mU  or  orTatalloid  pcobahlj  all 
appear  in  the  eolution  of  a  ooUoid,  but  greatlj  redoeed  in  difreo.  The 
prooeM  beeomea  i^low ;  Ume^  indeed,  appearing  eewitial  to  all  ooUofakl 
ohangei.  The  ohange  of  tempemtore  nauallj  oocurriiig  In  the  aei  o# 
aolutioD  beoomea  barelj  perceptible.  The  liquid  ie  alwajra  aandblj 
gummj  or  vieeous  when  ooooentnted.  The  eoUc^  though  often  dkaolved 
in  a  large  proportion  by  ita  aolvent,  is  held  in  eolution  bj  a  efa^pnlarlj 
feeble  foroe.  Henoe  colloids  are  general! j  dtsphused  and  rrrrtrJ^nlfd  hy 
the  addition  to  their  solution  of  aiij  substance  from  the  other  dma.  Of 
all  the  propertiea  of  liquid  colloids,  their  slow  diiTustoii  in  water,  and  tiMir 
arreat  by  colloidal  eepta,  are  the  most  serviceable  in  dietinguishii^  them 
from  crTBtalloids.  Colloids  have  feeble  chemical  reaotione^  hot  thej 
exhibit,  at  the  same  time,  a  Toiy  geneml  sensibilitj  to  liquid  rsageola,  m 
has  already  been  explained. 

"  While  soluble  crystalloids  are  always  highly  sapid,  aolubla  eoOoida 
are  siogularly  insipid.  It  may  be  questioned  whether  a  eoUoid,  when 
tasted,  ever  reachea  the  sentient  extremitiee  of  the  nerrea  of  the  palal% 
as  the  latter  are  probably  protected  by  a  colloidal  membrane^ 
to  soluble  subataooes  of  the  same  phyaioal  oooatitutioQ. 

*'  It  baa  been  oboenred  that  vegetable  gum  ia  not  digested  in 
stomach.    The  coats  of  that  organ  dialyse  the  eoluble  food, 
crystalloida  and  rejecting  all  colloids.    Thia  aotkm  appears  to  be  aided 
by  the  thick  coating  of  mucus  which  linea  the  atomaoh, 

"The  secretion  of  free  hydrochloric  aoid  during  digeeHoa— at  iimsi 
moat  abundant— appears  to  depend  upon  prooeesea  of  whieh  do  dirtiaei 
oonoeptaon  haa  been  formed.  But  certain  eolloidal  deeonpodUoaa  aiw 
equally  inezplicable  upon  ordiuary  chemieal  Tiewa.  To  faeflitota  the 
aeparatioQ  of  hydrochlorio  aoid  from  the  perohloride  of  iron,  for 
the  salt  is  rendered  basic  by  the  addition  of  peroxide  of  iron.  The 
paratively  stable  perohloride  of  iron  is  tiansfoffioed  by  snob 
into  a  feebly  constituted  colloidal  hydrochlorida.  The  latter 
breaks  up  under  the  purely  physical  agency  of  dllTuaioQ,  and  dlvidea  oo  the 
dialyser  into  oolloidal  penxddo  of  iron  and  free  hydroohkrio  aeU.  The 
auperinduction  of  the  oolloidal  oooditloo  may  poHtb^lonB  a  ataga  in  many 
analngoua  organic  deoompoaitiona. 

**  A  tendency  to  apontaneooa  ohange^  whioh  ia  oboarvad  nanarfonilly  in 
oiystalloids,  appean  to  be  gaoeral  hi  the  other  elaaiL  The  iaid  OQOoid 
beeomea  pectous  and  insoluble  by  oontact  with  oertain  oibor 
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without  coint)innig  with  theee  8ubetano68,  and  often  under  the  influence  of 
time  alone.  The  peotising  subetance  appean  to  hasten  merely  an  impend- 
ing change.  Even  while  fluid,  a  oolloid  may  alter  sensibly,  from  colourless 
beooming  opalescent;  and  while  poctous,  the  degree  of  hydration  may 
become  reduced  from  internal  change.  The  gradual  progress  of  alteration 
in  the  oolloid  eflfeot  by  the  agency  of  time  is  an  investigation  yet  to  be 
entered  upon. 

**  The  equivalent  of  a  colloid  appears  to  be  always  high,  although  the 
ratio  between  the  elements  appears  to  be  simple.  Oummio  acid,  for 
instance,  may  be  represented  by  C12H23OJJ,  but  judging  from  the  small 
proportions  of  lime  and  potash  which  suffice  to  neutralise  this  acid, 
the  true  numbers  of  its  formula  must  be  several  tiroes  greater.  It  is 
diflicult  to  avoid  associating  the  inertness  of  colloids  with  their  hi^^h 
equivalents,  particularly  where  the  high  number  appears  to  be  attained 
by  the  repetition  of  a  smaller  number.  The  enquiry  suggests  itself, 
whether  the  colloidal  molecule  may  not  be  constituted  by  the  grouping 
together  of  a  number  of  smaller  crystalloid  molecules,  and  whether  the 
basis  of  coUoidality  may  not  really  be  this  composite  character  of  the 
molecule. 

"  With  silicic  acid  which  can  exist  in  combination  both  as  a  crystalloid 
and  colloi<l,  we  have  two  series  of  compounds — silicates  and  cosilicates,  the 
acid  of  the  latter  appearing  to  have  an  equivalent  much  greater  (thirty-six 
times  greater  in  one  salt)  than  the  acid  of  the  former.  The  apparently 
small  proportion  of  acids  in  a  variety  of  metallic  salts,  such  as  certain  red 
salts  of  iron,  is  accounted  for  by  the  high  colloi<]al  equivalent  of  their 
bases.  The  effect  of  such  an  insoluble  colloid  as  Prussian-blue  in  carrying 
down  small  proportions  of  the  precipitating  salts,  may  admit  of  a  similar 
explanation. 

"Gelatine  appears  to  hold  an  important  place  as  a  colloidal  base.  This 
base  unites  with  colloidal  acids,  giving  a  class  of  stable  compounds,  of 
which  tanno-gelatine  only  appears  to  be  hitherto  known.  Grelatine  is  pre- 
cipitated entirely  by  a  solution  of  meta-phosphoric  acid  added  drop  by 
drop,  100  parts  of  gelatine  uniting  with  3*6  parts  of  the  acid.  The  com- 
pound formed  is  a  semi-transparent,  soft,  elastic,  and  stringy  solid  muss, 
presenting  a  startling  resemblance  to  animal  fibrin.  It  will  be  an  inter- 
esting enquiry,  whether  meta-phosphoric  acid  is  a  colloid,  and  enters  into 
the  compound  described  in  that  character,  or  is  a  crystalloid,  as  the  small 
proportion  and  low  equivalent  would  suggest.  Gelatine  is  also  precipitated 
by  carbolic  acid. 

''The  hardness  of  the  crystalloid,  with  its  crystalline  planes  and  angles, 
is  replaced  in  the  colloid  by  a  degree  of  softness,  with  a  more  or  less 
rounded  outline.  The  water  of  crystallisation  is  represented  by  the  water 
of  gelatination.  The  water  in  gelatinous  hydrates  is  aptly  described  by 
M,  Chevrbul  as  retained  by  *  capillary  affinity ' — that  is,  by  an  attraction 
partaking     both   of    the   physical    and    chemical    character.      While    it 
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it  here  adinitt«l  that  olMmiml  AAitily  oi  Um  \owmii  dflfiw  mmj 
into  oapillarj  ftUtmeiioo,  il  li  beliovod  that  Um  ttmimeUm  of 
bjdraUoo  b  m  fcnilj  ebaoiiaU  m  UuU  of  crjwtadHim  hjdimlloa. 
tioD  of  A  ooUoid  with  water  is  feeble,  it  It  tnse,  bai  to  b 
general  with  the  oolloid.  Notwtthttandipg  this,  aobjdnma 
daoompoae  oertain  cry ttal line  bjdratei.  The  aleobol  of 
than  oorrespoodt  with  the  d«n«itj  0*939,  which  rtpmniU  the  dtiaite 
hjdmte  C,U«0  •¥  SH,0,  is  certainlj  in  a  tUte  ci  ehemieal  vnioB.  Bai 
alcohol  to  high  as  0'tf06,  contained  in  a  dote  v«mI  ie  ooBCtntwitod  io  e 
notable  degree  by  contact  with  diy  mucm,  gdetine,  and  gam,  tad  Moeiblj 
ereo  bj  dry  parchment  peper.  Dilute  alcohol  divided  frooi  the  air  of 
the  atmotphere  bj  a  dry  teptum  of  muout,  gelatiiM^  or  gmn,  ii  ako 
ooocentimted  by  evaporation,  as  in  the  well-known  bladder  esperimeni 
of  SOmmbrino.  The  teleotive  power  is  here  apparent  of  the  eoQoid  for 
water,  that  fluid  being  separated  from  alcohol,  and  tniYeiliaf  Ihrongb 
the  oolloidal  teptmn  by  combination  with  inoosssive  moleeal«  of  the 
Utter,  till  the  outer  turftce  is  reached  and  evapotmtioo  takes  plaee. 
The  penetration  in  this  manner  of  a  oolloid  by  a  forslgn  nbstaoce  may 
be  taken  as  an  illustration  of  the  phenomena  of  esmentsHon.  Iron 
and  other  substances  which  soften  under  heat  may  be  supposed  U> 
assume  at  the  same  time  a  colloidal  constitution.  So  it  may  be  snppoesd 
does  silica  when  fused  into  a  glass  by  heat,  and  every  other  vttieoiis 
substance." 

"  Gelstinoos  hydrates  always  exhibit  a  certain  tendency  to  aggregation, 
as  is  seen  in  the  jelly  of  hydrated  silicic  acid  and  of  alumina.  With 
some  the  jolly  is  abo  adhesive^  as  in  gloe  and  mucoSb  Bat  wnlsw  Ihsy 
be  soluble  in  water,  gelatinous  hydrates,  when  once  lonnsd,  ars  not  in 
general  adhesive.  Separate  mseees  do  not  reunite  when  brooght  into 
contact  This  want  of  adhesivenen  is  very  remarkable  in  the  ease  of 
the  gelose  of  Patkn,  which  resemblee  gelstane  so  closely  in  other 
Layers  of  a  gelose  solution,  allowed  to  cool  and  gelatinise  in 
in  a  diffusion  jar.  do  not  adhere  together." 

I  have  quoted  Graham's  singularly  suggestive  remarks  at  aome 
length,  as  in  the  main  they  still  represent  the  greater  pari  of  ear 
knowledge  of  the  colloids,  and  the  original  papers  are  not  eieryelMie 
accessible. 

NBRxni  considers  that  the  fact  of  colloklal  sdutioos  also  shoving 
the  phenomenon  of  difibsion,  although  in  very  slight  degrss^  proves  that 
there  exisU  the  same  tendency  in  colloidal  as  hi  eryslalloidnl  solatkat 
for  the  dissolved  substance  to  migrmto  horn  pUees  of  high  to  piness  of 
low  concentration,  but  that  the  extrsme  slowness  of  this  migiatioa  hi 
the  case  of  the  colloids  indicates  e  very  small  propolsive  fotes^  iM^ 
osmotic  prssBore— both  of  which  conolosiqaB  wookl  wiggssi  thai  the 
an    extremely  Ugh    moleealar  weight,    bal   In   thsir 
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fundamental   physical   coniititution,    in    the   stato    of    solids,   as   also   in 
solution,  do  not  differ  from  the  bodies  desoribed  as  oiystalloids. 

Indeed,  PrBPrsB^  has  shown  that  the  osmotio  pressures  of  solutions 
of  the  colloidal  gum  arabic  vary  exactly  as  the  ooncentration,  just  as  is 
the  case  with  the  solutions  of  the  crystalloids : — 


OoiHMitntknL 

Qom  Arabic 

Cane  Sugar. 

M. 

1  percent 
14      .. 

18            M 

6*9  cm.  Hg 
269      „ 

70-0      „ 
119-2      „ 

51  -8  cm.  Hg 
810-8       „ 
725-2       ,. 
932-4       „ 

2570 
4110 
8540 
2680 

The  molecular  weight  M  in  the  last  column  has  been  calculated  in 
the  well-known  manner  by  multiplying  the  known  molecular  weight  of 
cane  sugar  with  the  nitio  of  the  respective  osmotic  pressures,  which  latter 
are  expressed  in  centimetres  of  mercury. 

In  the  following  table  are  recorded  a  few  further  observations  of  the 
molecular  weights  of  colloids  by  the  osmotic  pressure  method.  These 
determinations  are  Pfbpfeb's,  with  the  exception  of  the  last  two,  which  are 

due  to  LiNBBAROBR  : — 


Subtttance. 

Membrane. 

Cone 

Temp. 

Pressure. 

M. 

Dextrin 

Conglutin 

Glue 

Glue 

Tangetioaeid 

Tnngstic  acid 

Cupric  ferrocyanide 
Calcium  phosphate 
Cupric  ferrocyanide 
Parchment 
Parchment  paper 
Parchment  paper 

1  percent. 

2  ,, 

2-467  „ 
1-0      „ 

16»0. 
16 

23  -3 
23  -3 
17 

16-6cm.  Hg 
3-8      ,. 
23-7      „ 
21-3      „ 
25-2      ,. 

1080 
9500 
4900 
5200 
1700 
1720 

In  perfect  agreement  with  the  above  small  values  for  the  osmotic 
pressure  is  the  fact  that  the  boiling  and  freezing  points  of  colloidal 
solutions  differ  only  very  little — indeed,  in  some  cases  scarcely  perceptibly — 
from  the  respective  boiling  and  freezing  points  of  their  solvents.  For 
this  reason  the  determinations  of  the  molecular  weights  of  the  colloids 
by  these  methods '  are  far  less  reliable  than  the  determinations  made  by 
the  osmotic  pressure  method,  where  the  obs^-rvations  are  based  upon  a 
phenomenon  producing  values  of  a  much  higher  order  of  magnitude. 
However,  the  molecular  weights  of  a  number  of  colloids  were  calculated 
from  the  observed  depressions  of  the  freezing  points  of  their  solutions, 

'  OtmoHteh^  Uniersuchungent  Leipzig,  1877. 

•  It  is  practically  the  freezing  point  method  only  which  is  available  for  these 
determinations,  as  the  coagulation  throughout  of  some  colloids  at  higher  temperatures, 
and  generally  the  formation  of  incrustation  deposits  or  coagula  on  the  sidee  of  the 
boiling  vessels,  renders  the  boiling  point  method  useless. 
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AIInmmb,  14000      Bakm^^uAJ 


Biunk, 


OtmiMttbie.  1612 

1746 


Fwilo  hydrwicU.  6462 


1026 

kl  irMC  40000 

TWaaioMid.     ...       1100 

Tbeoo  flgoTM,  no  doabt,  are  opoo  to  tbo  oljaetioa  that  thcj  ioTolv« 
more  or  laia  eonaiderablo  eiperimeotal  erron ;  but  even  ao^  tbaj  aliU  aflbtd 
ample  proof  of  the  enonnoaa  magnitadea  of  ooUoidal  molaeulai^  and  tlMgr 
further  support  the  aasumption  that  thu  difTerenoe  between  tpftJMdi  aad 
crjstalloids  i«  one  of  degree  rather  than  of  fundnmental  ^^fmntful  ooiiililu 
Uon  or  function.  Thia  view  is  unaroidable  in  fkee  of  tiie  fael  that  ve 
know  colloidnl  elementa— sulphur,  mercury,  oadmium,  tin,  antimonj,  stiTer, 
gold ;  we  know  colloidal  sulphides,  acids,  basea,  salta ;  organic  aabataoees 
with  alcoholic,  aldehydio,  carboxylio,  aminic  functions ;  carbohydrates  and 
hydrooarbonii  both  saturated  and  unsaturated.  HofeoYer,  we  have  aen, 
in  the  case  of  india  rubber,  that  we  can  subject  it  to  eooridefmble  fltfn^tl 
changes,  both  functional  and  constitutional,  without  aflfeotlng  the  colloidal 
state.  Particukrly  striking  in  thia  relation  appears  to  me  the  Cset  that 
the  colloidal  state  of  a  colloid  generally  eren  persists  in  the  combination  of 
a  colloid  with  a  crystalloid. 

That  all  collokla  possess  extremely  high  molecular  weighU  has  already  been 
amply  demonstrated  by  Qbaham,  and  the  same  fact  has  been  insisted  upon 
by  every  one  of  the  numerous  authorities  who  have  investigated  the 
phenomena  of  crystalloids  and  colloids.  The  only  aceptiou  in  thia 
is  Krafft,  and  as  his  theory  of  colloidal  solutions  it  the  only 
attempt  to  bring  into  a  comprehensive  eyitem  the  facta  in  relatioo  Id  the 
colloidal  state,  his  papers  on  this  subject  must  be  more  cloeely  eiamined. 

Krafft  >  repeated  Chivriul's  experiments  on  the  hydrolyris  ol  the  aatts 
of  the  higher  fatty  acids  (aoapa)  in  Mjueona  aolutioa.  He  ahows  that  at 
lower  temperatorea  the  salts  in  these  solutlona  behave  as  eiystslloids,  bat 
that  at  certain  higher  temperatures  these  same  solutions  exhibit  the 
characteristics  of  colloidal  solutions.  Thus  dilute  soap  loiuyoas  posssM  s 
boiling  point  not  exceeding  that  of  water,  and  althongh  nwssinnslty  aslighl 
rise  is  observable,  this  is,  no  doubt»  due  to  the  solationa  oootsininf  esostie 
soda,  owing  to  the  hydrolysis  soaps  undergo  in  squeous  solution.  Hs  next 
sUtes  that  the  alkali  salts  of  acetic,  propioolo^  and  eapfoie  aeid  m  ako 
hydrolysod  in  aqueoua  solutions,  beoauje  their  Bsoisonkr  wsifhK  oa 
estimated  by  either  the  offyoeoo|»io  or  the  boiUog  poim  Method,  ars  only 
one  half  of  the  recognissd  theoretieal  vahissL  A  sianar  ssriss  of  sails 
>  Ar..  ovO.  aOMX  pp^  1747. 1766. 
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Krappt  believes  he  has  fouiui  iu  the  chlorides  of  the  aliphatic  amines,  for 
he  finds  1  that  hexadeoylamtne  hydrochloride  Ci^Hjs.NH^.HCl  behaves  in 
aqueous  solution  like  a  soap,  in  that  the  former  boils  without  a  temperature 
rise,  whereas  the  solutions  of  the  lower  amines — e.g.,  methylamine— sliow  a 
considerable  temperature  rise,  leading,  like  the  salts  of  the  low  fatty  acids, 
to  values  for  their  molecular  weights  of  only  half  tlieir  theoretical  amounts. 
OoosequenUy  Rratft  comes  to  the  conclusion  that  in  aqueous  solution 
the  salts  of  the  fatty  acids,  and  those  of  the  amines,  are  all,  like  soap 
solutions,  more  or  less  completely  hydrolysed.  This  hydrolysis  would,  of 
course,  double  the  number  of  molecules  in  solution,  and  thus  account  for 
the  molecular  weight  being  found  too  low  by  one  half. 

Krapft  does  not  appear  to  admit  that  the  phenomenon  in  question  is 
perfectly  satisfactorily  accounted  for  by  the  theory  of  ionisation,  nor  does 
he  recognise  that  his  alternative  explanation  is  hopelessly  opposed  to  the 
fact  that  acetic  acid  can  be  titrated  with  caustic  soda,  as  well  as  methylamine 
with  hydrochloric  acid.  Moreover,  if  sodium  acetate  or  methylamine 
hydrochloride  are  hydrolysed  in  their  aqueous  solutions,  the  former  ought 
to  i>os8ess  saponifying,  the  latter  inverting  (to  cane  sugar),  properties. 
Adopting  Krafft's  interpretation,  we  should  have  to  assume  also  caustic 
soda  to  be  '  hydrolysed '  in  aqueous  solutions,  which  in  the  boiling  test  also 
yield  values  for  the  molecular  weight  of  that  base  amounting  to  only  one 
half  of  the  real  value— a  fact  entirely  in  agreement  with  the  theory  of 
ionisation,  but  utterly  imintelligihle  in  the  light  of  Krafft's  assumption. 
So  much  for  Krafft's  curious  basis  of  his  theory  of  the  colloidal  state. 

Observing  next  that  alcoholic  solutions  of  sodium  oleate  exhibit  a 
marked  increase  of  their  boiling  point  above  that  of  alcohol — in  other  words, 
that  the  oleate  in  these  solutions  behaves  as  a  crystalloid — Krafft  infers 
that  "water,  at  least  under  ordinary  pressure,  is  as  necessary  for  the 
formation  of  colloidal  soap  solutions  as  soap  itself."  With  this  statement 
one  cannot  but  agree,  but  upon  the  real  significance  of  this  observation 
Krafft  has  nothing  further  to  say.     He  then  proceeds  '  : — 

"  The  observation  that  such  well-known  organic  salts,  the  composition 
of  which  is  known  beyond  doubt,  are  capable  of  forming  colloidal  solutions, 
and  therefore  belong  to  the  class  of  colloidal  bodies,  is  of  considerable 
interest  in  view  of  the  fact  that  the  nature  of  all  colloid  substances  is 
still  more  or  less  wrapped  in  mystery.  Particularly  the  observations 
made  on  hexadecylamine  chlorhydrate  C,jHjg.NH2.HCl  and  methyl- 
ammonium  palmitate  CijHgi02(NHg.CH3)  seem  to  confinn  that  although 
a  not  inconsiderable  size  of  molecule  seems  to  be  essential  for  the  forma- 
tion of  a  colloidal  substance,  the  chemical  composition  of  the  latter  may, 
nevertheless,  be  a  very  simple  one." 

In  the  first  instance,  I  would  point  out  that  we  have  no  right  to  call 
the  soaps  colloidal  substances ;  they  are  very  well  defined  crystalloids,  which 
may  or  may  not  form  colloidal  solutions,  according  to  the  nature  of  the 

»  Ber.,  xxix.  (1896),  p.  1331.  «  Ibid,,  xxix.  (1896),  p.  1336. 
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solvent  omplojred.  'If  wo  call  tho  otTiuiJiMUiie  •goitim  MlU  at  Um  hUj 
adds  eoUoidal  bodim,  whjr  not  dao  alumioiiim  eUorida  aad  tefW  cUoridtb 
iMwing  thAt  aluminium  hyilrato  and  ferric  liydmte  can  aUo  alii  la  aoUokUl 
'roodifioaUoot't  The  very  faot  that  an  aqueooa  tolntloo  of  toditiai 
palmiut«  ia  a  oolloidal  loluUoii,  but  that  an  aloobolid  tohiUoo  of  Um  mam 
Malt  ia  a  oryttallokl  tolution,  is  proof  oooolnaiTo  that  iodiam  frlniHatir  ItMlf 
ia  not  a  ooUoid,  but  a  bodj  which  maj  undargo  io  aqnooaa  aolutloo  a  ehaaft 
leading  to  a  oolloidal  aolution.  REArrr'a  oiprfkio  of  larprioi  that  mIi 
limplo  aUta  as  the  ooea  ho  mantiooa  art  eapablo  of  fbrmiog  ^Mifal  aoltt. 
tiooa  b  peculiarly  inappropriato,  considering  for  how  long  a  time  eollaidal 
alumina,  ferric  hydrate,  and  anenioua  sulphide  have  beoo  known,  and 
cQotidariQg  further  that  we  know  quite  a  nombtr  of  ^'^nl  altnuMiti.  It 
ia»  moveorer,  incorrect  to  lay  that  to  be  able  to  awume  tho  i*»?V*H^1  tlati^ 
s  substance  must  posaees  a  high  molvcuUr  weight.  The  Tory  t'risttnfrt  of 
all  the  inorganic  ooUoids  disproves  this  assumption.  The  *^Wifftl  molt 
cule,  no  doubt,  ia  always  extremely  complex,  but  it  often,  if  not  gcoerany. 
consists  of  very  small  molecular  units. 

Krafpt  now  advanoea  the  proposition  :  "Colloidal  liquids  or  ftoiuuom 
contain  the  liquefied  subttancea  in  the  molecuUr  state."  The  proof  of 
this  proposition  he  finds  in  the  fact,  as  presented  by  him,  that  the  salts 
of  the  low  fatty  acids  in  aqueous  solution  are  hydrolytioaUy  dissoeistfd, 
and  consequently,  in  the  determination  of  their  moleeolar  weighfi,  jWd 
figures  amounting  to  only  one  half  of  their  known  molecular  weighlL  Tba 
Hodium  salts  of  the  high  fatty  acids  are,  in  aquooua  aolutiOD,  Ukewiso 
liydrolysed ;  but  in  spite  of  this,  the  boiling  points  of  those  •olutioos  are 
identical  with  the  boiling  point  of  water,  or,  in  other  words,  thsas  salts 
exhibit  the  properties  of  oolloidal  substances.  On  the  other  hand,  KiAfrr 
observed  that  the  melting  and  solidification  points  of  colloidal  soap  jelUea 
are  identical  with,  the  same  constants  of  the  respootiYO  ftOtj  aekla  oootaiood 
in  theoe  salta.  He  further  observed  that  the  moiacaWs  of  Ibo  Uquid  fOty 
acids  in  question  are  exactly  normal,  and  from  these  oboerratiooa  ho  ooo- 
eludes  that  the  soap  jellies  also  contain  the  tn^  fatty  aeida»  and  ao^  by 
implication,  also  the  soaps  thomoelTos,  in  the  unimoleeular  stalo. 

Krapft,  of  course,  realises  that  his  couolusioos  bring  him  into  conflict 
with  the  laws  and  phonomona  in  relation  to  the  oamotio  prsomrs  ofaolotton^ 
and  this  difiiculty  ho  attempta  to  bridge  over  by  a  iseow 
**  Molecules  in  the  state  of  colloidal  liqoeftiolion  route  id  small  oioMd 
or  surfaces."  This  curious  oouoeptioo  would,  of  course,  fairly  aeoovnt  for 
the  fact  that  colloidal  molaealea  no  longer  sppear  to  obey  Avogadro's  kw, 
but  this  hypothesis  calls  just  aa  much  for  explaoatioD  aa  do  the  fsola  it  waa 
invented  to  cxpUun.  The  need  for  it  simply  arisas  oat  of  Knarrr^  flrat 
propositiun,  with  the  truth  of  which  it  stands  or  falls.  But  tbo  bot 
that  the  melting  and  tolidiflcatioo  points  of  oolloidal  aoap  Jilli«  mn 
approximately  identical  with  the  melthig  and  aoBdifloatioB  pofaili  of  tMr 
respective  fatty  acids,  although  a  very  taitsmtiaf  ohsarrstioii,  aoaroely 
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justifies  Krafpt's  revolutionary  conclusions,  it  is,  incl^t'l  l>y  no  means 
so  certain  that  in  these  concentrate<i  soap  jellies  the  Roa]>>  aro,  as  Krappt 
aanimes,  completely  hydrolysed — at  any  rate,  this  assumption  should  not 
be  made  without  further  experimental  evidence,  which  mi^ht  have  l>cen 
obtained  by  the  determination  of  the  conductivities  of  these  jellies.  Nor 
should  it  be  overlooked  that  it  is  even  doubtful  whether  soaps,  simple  as 
is  their  composition,  are  really  the  best  stJirtin^-point  for  a  study  of  the 
colloidal  state.  For  the  same  reiison  the  salts  of  aluminium,  iron,  and 
chromium,  from  which  colloidal  hydrates  are  readily  obtainable,  or  the 
silicates,  or  arsenious  acid  and  its  conversion  into  colloidal  arsenious 
sulphide,  would  appear  far  more  suitable  objects.  But  there  is,  T  conceive, 
one  point  which  appears  to  me  to  call  for  careful  consideration  in  enquiring 
into  the  causes  and  nature  of  the  change  of  crystalloid  into  colloidal  solu- 
tions— a  point  which,  I  think,  should  not  be  so  summarily  dismissed  as  has 
been  done  by  Krappt.  This  is  that  in  all  these  cases  the  colloidal  state 
is  induced  by  hydrolysis  in  aqueous  solution.  In  this  fact  Krappt  sees  no 
more  than  what  is  expressed  by  the  bare  equation  by  which  the  chemical 
effect  of  hydrolysis  is  recorded  : — 

C,«H„0,Na  +  H3O  =  CieH^Oa  +  NaOH. 

But  the  facts  in  connection  with  aqueous  soap  solutions,  the  conditions 
under  which  all  the  inorganic  colloidal  solutions  and  colloids  are  formed, 
the  behaviour  of  the  colloidal  carbohydrates,  and  many  similar  consiilera- 
tions,  all  strongly  suggest  that  the  water  plays  a  far  more  important  and 
determining  part  than  is  expressed  by  a  mere  hydrolytic  equation.  Indeed, 
I  am  inclined  to  think  that  simple  as  the  composition  of  the  soaps  and  of  the 
above  named  inorganic  compounds  appears,  this  is  really  a  simplicity  of  a 
pragmatical  order  only,  the  simplicity  of  our  ignorance  ;  and  that,  in  reality, 
the  colloidal  change  induced  in  the  above  named  substances  by  hydrolysis 
is  an  extremely  complex  phenomenon,  and  for  this  reason  much  more  diffi- 
cult to  investigate  than  the  nature  and  cause  of  the  colloidal  condition  of 
a  hydrocarbon  substance  like  polyprene. 

Krappt  has  shown  ^  that  by  treating  aqueous  soap  solutions  with 
toluene,  the  whole  of  the  fatty  acid  contained  in  the  solutiou  can  be  re- 
moved by  successive  extractions  with  that  solvent.  But  from  this  it  can- 
not be  concluded  that  aqueous  soap  solutions  contain  the  whole  of  the 
fatty  acid  in  the  free  state.  Indeed,  according  to  his  own  showing,^  this 
i.s  not  the  case.  An  equilibrium,  determined  by  the  quantity  of  water 
present,  and  probably  also  by  the  temperature,  is  produced  in  these 
solutions : — 

C,eH„0,Na  +  H,0  "^  C.H^O,  -I-  NaOH. 

But  even  at  enormous  dilutions  this  hydrolytic  action  is  never  complete, 
as  IB  shown  by  a  glance  at  the  following  curve  (fig.  2)  showing  the  per 

»  B«r.,  Jtxvii.  (1894),  p.  1762.  *  Loe,  eU.,  p,  1761. 
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eentai^  of  ■cxlmiu  couLuudU   m  crjrBUUi>i:kiiuaa  "iiaiucti  frucn  M>luUacui 
of  TMriout  •irengtha  of  Modiuro  paliniuu. 

Tb«w  UatM  KtLArrt  utilUMm  for  hk  Umotj,  Ujiog  grmt  ■tvtai  apoa 
the  free  Mid  and  tbo  frM  alkali  in  hit  ooUoidal  toap  aoliitiooi*  InH  gitlif 
DO  further  oomideratioo  lo  Uiota  pocitai  ol  aeid  and  alkali  vkiab  vhmIb 
in  combination.  He  eeeoM,  on  the  strength  of  hie  obeerratiooe  of  the 
retiilt  of  the  eztraotioo  of  eoap  aolutione  with  toluol,  to  wmnme  that  ptaeli- 
oallj  the  whole  of  the  eoap  in  the  eolutioo  is  eplit  up  iuio  free  aeid 
and  alkali.  But  from  hie  experimente  it  ia  peiliotlj  obrioas  that  thie 
eitraotion  limplj  diiturbe  the  above  mentiooed  equilibrium  bj  the 
gradual  abstmction  of  one  of  the  oonstituenta  He  therefore  entirely 
oferlooke  the  highlj  tignifioant  feet  that  it  ia  impoeiible  to 
eoUoidal  eoap  eolution  in  its  ideal  state  of  puritj  bj  trying  to 
an  aqueoua  and  ooUoidal  solution  of  pure  palmitio  aekL'  He  ignores  that 
this  is  only  possible  if  there  be  anj  alkali  preeent,  and  from  thto  ImI  1 
prefer  to  conclude  that  the  colloidal  state  of  a  eolutioo  of  eodiom 
ia  induced  in  the  first  instance  bj  the  hjdroljsis  of  that  salt^  vhieh 
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aTen  at  very  great  dilutions,  does  not  appear  to  proceed  apprsciablj  bejood 
the  formation,  beeides  free  klkali,  of  the  dipalmitate  Oxfin^t^^-^^^m^r 
With  the  formation  of  this  latter  salt  the  oonditioos  for  the  eoUoidal  elate 
Are  obtained,  but  whether  this  salt  k  eo  ijiio  a  ooUoid,  or  forms  a  eoUoidal 
aggregation  product  with  water,  ia  not  ktu.wn,  %lthoiu?h  I  Atron^y  incline 
to  the  latter  conception. 

Exactly  the  same  is  to  be  oheertred  in  the  caee  of  Um  saiu  of  alummium 
and  iron,  which  in  absolute  aleoholie  eolution  eao  be  dialyeed  withoot  the 
slightest  decompoeition.  The  dialysis  of  aqueoos  solutioQB  of  thoM  aalta, 
on  the  other  hand,  always  yieWs  the  eolntioas  eomainfag  wha»  is  ksown 
as  colloidal  alumina  and  colloidal  fsnio  hydrsleu  T»  the  weU-kaova 
fact  that  these  eoluUons  alwaya  retain  sUght  quantities  of  aeid  1  have 

>  Thb  nuy  be  atlMBptfd  by  diwilviBC  |«larftte  acid  in 
•oltttioo  with  a  large  toIobm  of  ^ 
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already  drawn  attention,  an<i  1  strongly  bclicvo  tliat  the  presenoe  of  this 
aoid  residuum  should  be  looked  upon,  not  as  incidental,  but  as  very 
probably  playing  a  determining  part  iu  the  subsistence  of  the  colloidal 
state  iu  the  above  named  bases.  Aluminium  hydrate  and  ferric  hydrate 
in  the  pure  state  no  more  form  colloidal  solutions  than  does  pure  palmitic 
acid :  the  pmenee  of  a  very  arnaU  proportion  of  acui  in  the/ormer^  or  of 
alkali  in  the  latter,  com  appears  to  be  essential.  If  this  be  correct,  toe  arrive 
at  the  conclusion  that  neither  the  salts  of  aluminium,  nor  of  iron,  nor  the 
pure  hydrates  of  the  oxides  of  these  bases,  nor  the  soaps,  nor  tlieir  free  fatty 
adds,  are  colloids,  but  that  they  are  all  capable  of  forming  colloidal  aqueous 
solutions,  the  eolloid(d  state  being  induced  by  the  hydrolysis  of  tlvese  salts, 
and  becoming  the  more  pronounced,  the  nearer  this  hydrolysis  approaches  its 
chemical  limits.  Corresponding  to  the  cliemical  lability  of  these  salts  is  the 
peadiar  physical  instability  of  their  aqueous  solutions. 

How  far  these  conclusions  apply  in  regard  to  the  silicates  and  colloidal 
silicic  acid,  to  the  tungstates  and  colloidal  tungstic  acid,  and  to  colloidal 
arsenious  sulphide,  no  observations  are  at  hand  which  would  enable  us  to 
form  an  opinion.  It  is,  however,  known  ^  that  on  dialysing  potassium 
silicate,  gelatinous  silicic  acid  is  deposited  on  the  septum,  which  fact 
suggests  that  alkaline  silicates,  like  soaps,  undergo  hydrolysis  in  aqueous 
solution.  On  the  other  hand,  colloidal  solutions  of  silicic  acid  i)er8ist  even 
in  the  presence  of  excess  of  acid ;  and  silicic  acid  obtained  by  dialysis  is, 
to  the  extent  of  14  per  cent,  soluble  in  water  ^ — facts  which  distinguish 
colloidal  silicic  acid  rather  sharply  from  the  before  discussed  colloidal 
solutions.  The  facts  in  respect  of  tungstic  acid  are  somewhat  similar. 
Both  the  silicates  and  the  tungstates  are  characterised  by  the  enormous 
molecular  complexity  of  their  salts — polysilicates,  polytungstates ;  and 
this  fact  must  appear  highly  suggestive  in  view  of  the  evidence  we  have 
been  quoting  in  support  of  the  assumption  of  high  molecular  complexity 
and  distension  of  the  colloids  as  a  class.  It  is,  indeed,  remarkable  that 
stannic  acid,  which  possesses,  though  in  a  somewhat  lesser  degree,  the 
above  mentioned  characteristics  of  silicic  and  tungstic  acid,  is  also  known 
to  exist  in  a  colloidal  form.  All  three  acids  are  rather  weak  acids,  and 
in  this  relation  it  is  important  to  observe  that  amongst  the  many  colloids 
there  is  neither  a  strong  acid  nor  a  strong  base.  As  a  matter  of  fact, 
a  considerable  number  of  organic  colloids,  including  some  of  the  most 
typical  members  of  this  class,  are  either  essentially  polyalcoholic  bodies,  or 
simply  hydrocarbons. 

No  doubt  the  unquestionable  difference  in  the  chemical  conditions  con 
ducive  to  the  induction  in  inorganic  compounds  of  the  colloidal  state,  as 
well  as  of  its  persistence  when  established,  render  it  difficult  to  discover  the 
determinant  cause  of  the  colloidal  state ;  and  this  difficulty  would  seem  to 
be  increased  by  any  attempt  to  explain  the  remarkable  difference  of  the 
stability  of  the  colloidal  condition  iu  the  above  named  substances.  The 
*  BecQUBRKL,  C.  B.,  67,  1081.  '  Chuech,  Joum.  Chem.  Soc.,  15,  107. 
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▼erjr  faoU  in  rclatiuu  to  U16M  c|uc»tu>iit  rtoder  it»  bovevtr,  oMow  tiMi 
(be  ooUoidal  tUto  is  a  purelj  phjrdcal  condition  induood  io  diSmrn^  Mb> 
■tADOM  bj  a  number  of  rmther  rarying  cbemiaU  raAoUom.  71b«  fmm\'$  nf 
waier  i$  He  o»ay  .  >  aU  ths  eatm  f^  eoUaUatimlmdim  w 

qnotod  or  migbt ).  n  every  one  of  them  mam  we  ere  there- 

foro  juMtified  in  antiming  hydrolyum  or  hydration  ee  e  eootribotlo|(  CMtor. 
NevertbeleiB,  we  ere  not  jimtif'    '  ticludiog  from  tbie  thAfc  bydnnyl 

grottpe  rnnet  be  preeent  in  all  ,  for  one  of  the  moel  prooonnoed 

colloida»  iudiA  rubber,  is  a  by  n.     Indeed,  the  indoeiion  of  the 

colloidal  Htiite  in  tbe  above  r!  "  'mpoundsp  and  piobably  io 

all  ionisable  compounds,  </«  .  /ai  iwfaaJ  Ay  any  d^flmU 

^enUetU  eompfmiicn,  but  rather  weema  io  npremmt  the  phytieal  eoroUwry  ^ 
a  more  or  leit$  limited  phtue  in  the  deeomfHm'ticm  of  a  remrtibie  epeiem. 
With  tbis  conception  of  colloidal  induction  as  tbe  pbysical  ooneomiteni  of 
an  unstable  obemioal  equilibrium,  the  fact  that  tbis  induoed  oolloidnl  state 
oeeses  to  exist  as  soon  as  the  chemical  e(|uilibrium  to  wbiob  it  is  due  is 
disturbed  by  tbe  intervention  of  Home  definite  chemical  influeooe,  is  in 
thorough  agreement  Thus  we  know  tliat  as  soon  as  we  disturb  the 
obcmical  equilibrium  expressed  by 

by  abstracting  gradually  tbe  palmitic  acid  by  means  of  toluol,  theooUoidal 
state  rapidly  diHappears  in  tbe  realisation  of  the  final  oonditaon  ol 
CmHsCV^ a  +  H/)  -  CmHiA  ^  KaOH. 

In  tbe  great  majority  of  other  cases,  the  addition  of  small  quantities  of 
indifferent  aalts,  or  of  acids  or  alkalies,  disturbs  tbe  ooUoidal  state  by  dis- 
turbing the  equilibrium  to  which  it  is  due,  and  at  wbioh  only  it  peisiiliN 
For  this  reason  I  hold  that  it  in  inadmissible  to  apply  the  term  'ooUoid'  to 
substances  which  only  within  a  more  or  lees  limited  phase  in  a  oontinuoos 
series  of  physical  ohangee  induoed  by  chemical  diflerentaataoo  ean  assome 
tbe  colloidal  state.  Or,  in  other  words,  it  is  utterly  misleading  to  deserihe 
as  ooUoids  oompoimds  which  in  themselves  are  unquestionably  eryslaUoid^ 
and  which  exhibit  colloidal  charaoteristics  only  when  forming  pari  of 
certain  chemical  systems.  Obviously  in  suoh  oases  the  colloidal  nature  is 
due  to  tbe  system  as  a  whole,  and  not  to  any  one  of  its  oompooents.  Tke 
term  eoUaid  ehould  therrfore  only  be  applied  to  compounder  the  eolutiome  et 
which,  under  all  ctmdituma^  and  in  whatewr  eolvenie,  heham  ae  eeUmdai 
eolutione,  and  which  further  maintain  thie  ^araater  ikrougk  aU  vktmritml 
ehanijee  which  leave  the  molecule,  fueh  ae  we  tomeeim  if,  inlaeL 

Of  course  it  might  be  argued  that  tbe  globomorpboos  precipitates 
obUinable  from  the  colloidal  solotioos  of  the  wrnifa,  of  the  salts  of 
aluminium,  iron,  chromium,  silioie  aoid,  tongstie  aeid,  stannie  aeid,  and 
others,  are  the  solid  forms  of  the  colloidal  statee  of  these  oompounda.  This, 
however,  would  be  tantamount  to  the  aasumpttoii  that  the  anorphous  and 
the  solid  colloidal  sUtee  represent  esMntially  identical  focms  of  nattar-quile 
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an  unaooeptable  propoeition.  The  globomorphous  form  of  precipitate  is 
extremely  common  amongst  the  precipitates  formed  in  a  solution  by  a 
sudden  and  radical  change  of  the  composition  of  the  solvent,  but  it  has 
nOTer  yet  been  suggested  that  these  globomorphous  precipitates  in  any  way 
represent  a  colloidal  state  of  the  substances  precipitated.  On  the  other 
hand,  there  is  no  doubt  as  to  the  close  relationship  between  these  globomor- 
phous precipitates  and  the  amorphous  condition  of  matter  in  general ;  but 
in  a  Tague  way  it  is  realised  that  there  is  a  considerable  difference  between 
the  amorphous  state  of  matter  in  general  and  the  equally  amorphous  solid 
colloids.  Very  little  is  known  respecting  this  highly  complex  problem,  but 
a  careful  study  of  the  changes  involved  in  the  transformation  of  a  colloidal 
solution  into  a  jelly,  and  of  such  a  jelly  into  a  globomorphous  or  amorphous 
precipitate,  will  readily  produce  the  conviction  that  the  latter  change  in- 
ToWes  an  abrupt  physical  change  such  as  is  scarcely  consistent  with  the 
•SBiimption  of  the  persistence  of  the  colloidal  in  the  globomorphous  or 
amorphous  state  of  matter.  That  there  exists,  nevertheless,  a  close  coi^ 
nection  between  these  very  obscure  states  of  matter  is  as  certain  as  the 
fact  that  under  certain  conditions  crystalloids,  even  in  the  crystalline  form, 
as  well  as  colloids,  may  assume  globomorphous  forms  and  structures.^  All 
this,  however,  merely  goes  to  show  that  the  obscurity  enshrouding  the 
nature  of  colloidal  solutions  becomes  utter  darkness  as  we  proceed  from 
such  solutions  to  globomorphous,  amorphous,  and  colloidal  solids.  This 
fact  is  scarcely  surprising,  seeing  that  our  knowledge  of  the  nature  of  the 
gaseous  state  and  of  crystalloidal  solutions  is  incomparably  in  advance  of 
our  insight  into  the  constitution  of  solid  crystalloidal  matter. 

But  there  are  two  states  of  colloidal  solutions  which  are  clearly  recog- 
nisable as  continuations  of  the  colloidal  state  in  solutions.  These  are  the 
gelatinous  and  pectous  states,  both  of  which  are  familiar  to  everybody. 

In  the  gelatinous  state  we  have  a  colloidal  solution  assuming  a  peculiar 
state  of  semi-rigidity  or  quasi-solidity.  The  degree  of  rigidity  of  a  jelly 
appears  to  be  determined  by  the  concentration  of  the  gelatinising  colloidal 
solution,  and  by  the  temperature.  With  the  concentration,  and  with 
falling  temperature,  the  rigidity  increases  ;  and  it  decreases,  or  even  entirely 
disappears,  with  rising  temperature.  The  change  from  the  liquid  colloidal 
to  the  gelatinous  state  is  absolutely  continuous,  the  solution  losing  gradu- 
ally its  fluidity  until  eventually  the  individual  parts  of  the  solution  can  no 
longer  change  their  positions  freely  and  independently,  but  become  more  or 
less  rigidly  fixed  in  relation  to  one  another.  It  is  well  known  that  th£ 
peculiar  physical  properties  of  jellies  can  be  explained  by  the  assumption 
that  every  particle  of  the  solution  moves  in  extremely  minute  closed  curves. 
Indeed,  Lord  Kelvin  has  experimentally  demonstrated  that  by  setting 
water  into  a  state  of  *  fine  grained  vortex  motion,'  or  *  vortex  sponge,'  it 

*  This  has  been  abundantly  demonstrated  by  BtJTSCHLi  in  his  remarkable  works 
UAer  Strukiuren  (Leipzig,  1898)  and  UnUrs.  Uber  die  Mikroslruklttren  des  erttarrten 
SekwrftU  (Leipzig,  1900). 
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•mnmm  all  the  prupcrUcA  rliamotertrtAc  id  *  ^vlly.  li  «U1  at  oqm  lie  mm 
bow  elotdj  this  ooooepUoo  of  tbo  fhtJiiom  tUta,  a  putleiikr  form  oalj 
of  the  colloicU]  utaU,  approxiomtei  to  Kium't  UMory  of  tbo  luUtifv  of  Um 
ooUoidftl  lUte  in  geoeiml,  and  very  Ukelj  Uite  author  divw  hia  hMpiiatlon 
from  this  vortoi  theory  of  the  ether.  Thia  applicalkiB  of  tliia  tlieory  to 
the  coUoidi  as  a  whole  auffeim,  in  the  flrrt  ittstaooe,  frooi  the  diAcultj 
that  while  thia  vortex  theory  might  well  be  ueod  to  expkia  tbe  phiBomwie 
exhibited  by  eoUoidal  jelliea»  it  would  aleo  aten  to  iQKfnl  thai  the 
goUtinoue  itate  is  the  ooly  state  in  which  oolloida  eao  and  do  exlat^  Bat 
this  is  not  at  all  true— indeed,  there  is  a  number  of  oodoobled  eoUoidi^ 
India  rubber  being  probably  the  beat  known  of  them,  which  have  never  be«i 
obeenred  to  assume  the  form  of  a  jelly.  A  aecood,  and  at  pimeni  perhaps 
STeo  more  formidable,  difficulty  lies  in  the  fact  that  the  applieatkio  of  tJie 
vortex  atom  theory  to  the  oxplnuation  of  the  coimtitutioo  of 
from  aa  yet  insuperable  mathematioal  diflkmltlea.^ 
^The  property  of  oementatioo  is  one  of  the  moi 
of  the  colloid^  while  they  are  in  that  peculiar  metaatatie  oooditkm  which  we 
discussed  aboTO  aa  the  gelatinous  state.  This  property  of  eementatfao,  or« 
in  other  words,  the  oomplote  abeeooe  of,  and  the  teodeoey  to  oblitents^ 
IHxwible  oleaTage  planes,  is  also  very  probably  one  of  the  resaooa  why 
colloids  have  no  solubility,  and  instead  of  diasolTing  fai  their  ao^alled 
solrents  in  the  manner  of  the  oryatalloida,  gradoally  rsaorb  them,  swelUnf 
into  jellies  which  eventually  begin  to  flow,  the  reeorptioo  of  the  eolveoi 
still  proceeding.  This  metastatio  oooditioD  and  propeity  of 
of  the  colloids  is  entirely  absent  in  what  Gbabam  termed  their 
modification.  The  parttiiig  of  a  colloid  from  either  the  state  of  a  aolid,  or  a 
jelly,  or  a  solution  into  the  pectous  state  at  ooee  terminatea  ita  metastatic 
condition,  its  capability  of  cementation.  The  wide  range  of  asnaibility  of 
the  colloids  to  physical  and  chemical  influeooea  beeomea  greatly  luetiiitsd ; 
or  oonverBely,  the  physical  and  ohemical  indiliereiioe,  of  the  eoOoids  is 
strikingly  enhaaoed  in  the  pectona  state.  A  reversion  from  the 
to  the  metastatio  state  of  the  oollokl  ia  therefore  either  tmpoanbK  • 
possible,  does  not  reproduce  the  original  eoUoid  eooditioii.  Attempto  to 
affeot  the  pectous  colloid  by  physical  or  chemical  agents  very  frequently 
result   in  its  physical  aud  ohemical   break-down.     A  number  of  highly 

*  This  is  also,  st  soy  rsto,  Urgdy  Um  rmson  why  Um  vortsx  sloai  hss  Ml  sbssdy 
eonsigiisd  tb«  nttariy  ooUiinkAhls  sad  napkilosnphiml  stomie  Ihtory  ts  Iht  altmtdf  ««ll< 
stoeksd  lomber-room  of  sdeoes.    laokUaUUy  it  BMy  bs  wistiBaid  hwt  lhs&  tkt  ooa* 

o#Cioo  of  vorta  stooM  sad  of  BMtarisl  in ss  srawdscf  f  latfass  is  bjaoaMsasof 

•Dtiraly  modsra  data,  bat  hss  bsd.  liks  tho  UMocy  of  Um  hsid  ■stirisl  sftom.  wf«al 
pneonon.  PSrUcoUriy  loddsnd  deanits  ia  Uiis  isspoet  is  Mataaaaiwia  ( ftslwrili  4$ 
Is  FiHtd,  mS):— **Praa«o  do  Is  sapporiUoo  qoo  J*bi  fcito:  Qm  Is  astttio  taMls « 
M»M»  est  owiMsslrsmtnt  ooaqMste  do  ptUta  taihiUoas^  sC  qa'ils  saai  ks  mmm 
notaralks  do  toes  ohssgwrnti  qui  snivoat  4  Is  SMtUn;  «•  qas  js  osainM  psr 
rsspUesUoo  dts  oOMi  ks  plos  gfo^noz  do  Is  phyiiqas.  tola  qas  agat  Is  datoa  d«  oaffys, 
leor  floidit^  Itor  psssatior,  kar  KgUiU,  Is  hnnrio  ot  k  isfksalfaa  it  "  ' 
rojooi^'* 
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importaDt  technical  processes,  such  as  the  tanning  of  leather,  the  vulcan- 
isation of  iuilia  rubber,  the  printing  of  pigment  colours  in  jin.uiiicu  thick- 
eoings  upon  calico,  are  based  upon  these  facts. 

The  pectous  condition  of  a  colloid  or  colloidal  solutions  may  be  induced — 

(a)  By  heat.      Colloidal  solutions  of  alumina,  ferric  hydrate,  chromic 

hydrate,  and  sume  of  the  albuminoid  bodies  are  pectised  by 
heat.  The  pectisation  in  this  case  is  probably  due  to  dehydra- 
tion or  intramolecular  condensation.  The  presence  of  water,  at 
least  in  the  case  of  the  albumens,  appears  to  be  essential,  since  it 
has  been  demonstrated  that  most  carefully  dric<l  albumen  is  not 
peotised  even  at  temperatures  considerably  above  its  coagulation 
temperature. , 

(b)  By  internal  change  (spontaneous  action).     Almost  all  the  inoruanic 

colloidal  solutions,  and  also  a  few  of  the  organic  colloids,  of  the 
classes  of  the  carbohydrates  and  albuminoids  are  able  to  pectise 
spontaneously.  It  is  highly  probable  that  pectisation  in  all 
these  cases  is  due  to  a  process  of  condensation  and  dehy- 
dration. 

(c)  By  indifferent  salts.     That  many  colloids  are  precipitated  from  their 

solutions  by  the  addition  of  generally  very  small  quantities  of  so- 
called  indifferent  salts  is  well  known,  but  whether  these  precipitJites 
are  generally,  or  even  frequently,  pectous  is  to  me  a  matter  of 
some  doubt.     Graham  certainly  considered  them  as  such. 

(d)  By  chemical  interaction   between  colloids.     The  solutions  of  acid 

colloids  on  the  one  hand,  and  of  basic  colloids  on  the  other,  mu- 
tually precipitate  each  other.    The  products  thus  formed  are  often 
very  remarkable,  and  their  systematic  study  offers  a  great  field 
to  scientific  workers  and  technologists  alike.      Whether,  however, 
these  colloidal  salts  represent  always  pectous  colloids  is  a  question 
involving   some   uncertainty — an    uncertainty  largely  due   to   a 
certain  indefiniteness  attaching  to  the  definition  of  the  pectous 
state.     But  in  all  those  cases  where  pectous  colloids  are  produced 
by  either  a  process  of  substitution  or  of  addition,  we  obtain  pro- 
ducts which  very  clearly  exhibit  all  the  above  named  character- 
istics of  the  pectous  state. 
The  change  of  a  colloidal  solution  to  the  gelatinous,  from  this  to  the 
pectous,  and  subsequently  to  the  solid  colloidal  state,  represents  a  con- 
tinuous physical  change  without  any  abrupt  break,  although  the  appearance 
of  the  pectous  state,  as  has  already  been  pointed  out  above,  is  probably- 
always  due  to  a  chemical  change  in  the  colloid.     In  this  series  of  changes, 
as  described  above,  the  pectous  state  need  not  occur  at  all,  its  appearance 
being  mostly  determined  by  specific  physical  and  chemical  conditions,  and 
in  this  case  we  pass  gradually  from  the  gelatinous  direct  to  the  solid 
colloidal  state.     It  follows,  therefore,  that  in  the  latter  series  of  changes — 
liquid,  gelatinous,  solid — the  order  must  be  reversible ;  and  that  in  the  former 
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■eriet^li'iutd,  golatlnoiia,  paetout.  toUd— this  ord«r 

owing  to  th«  Bou-revenibilitj  uf  Um  poeloiM  lUU.     All 

much  mora  olearlj  eihibited  bj  tho  orgmoie  Uum  bj  tht  fa«<?Tf^fff 

Indeed,  the  oolj  lubtuuioet  vhioh  Umragbooi  a  long  nrkt  ol 

ohangw  prMonre  their  colioMal  ohanotariitiM  m  the  oqpuUe 

What  io  the  inoffgaoie  ooUoida,  inohidiog  tlie  Mlli  ol  of^uiie  iflids  aod 

ofgaaio  bMai»  mpmente  a  mere  trmaiieol  phMi^  beoomai  io  Um 

ooUokb  the  permanent  phjmioal  eooditioo  of  their  eikteoee. 

Thiie  far  we  find  ounwWee  without  iinj  tithfMtTr 
ai  to  the  nature  uf  the  ooUoiUal  lUte^  upon  the  burii  of  vhieh  the  fiftlMr 
exploration  of  thi«  ezceediugly  int^irentiug  field  might  be  pormed.  We 
have  eo  far  oplj  eeubli«hed  the  fact  that  the  mdeeokr  weight  of  all 
ooUoids  is  extremelj  high,  with  the  ohareoteristio  qnaUfieaftkm  thai  in  the 
caw  of  a  great  number  of  iuorganio  oolloide  it  ie  a  very  h%h  multiple  of 
the  normal  moleouUr  weight  This  is  the  unaToidable  eooelaaioo  to  be 
derived  fn>m  the  behariour  of  the  ooUoids  in  the  BicKiiAirv  leit«  •■  well 
ss  from  pKirPBR's  and  Linbbuuikr's  investigstions  oo  the  oneotie  pieHan 
of  oolloidAl  solutions. 

Thore  are,  however,  some  other  points  in  eoonectioo  with  the  phjnieal 
behaviour  of  colloidal  solutions  which  are  capable  of  throwing  eome  fnrtiMr 
light  on  their  nature.  The  longest  known  of  these  is  the  laoi  that  a  grsii 
niunber  of  colloidal  solutions,  though  bj  no  means  all,  scatter  polarised 
li^'ht  in  a  direction  at  right  angles  to  that  of  a  peootl  of  light  iMssing 
through  them.  This  phenomenon,  which  was  dieoovered  by  TtitdalLi  was 
eztensivelj  studied  in  its  application  upon  colloidal  solutions  by  Pioro» 
and  LiNDta^  l*he  most  oonveoient  waj  of  obeerrtng  it  I  found  to  be  bj 
means  of  the  arrangemeot  shown  below  : — 


Q 


M' 


zm^ 


Kio.  8.— Disporitioa  ofsppsntas  for  the  obMrvstka  of  the  *1>BdsU 

a  is  a  lime  light  jet,  which  is,  of  eoons,  pieferable  employed 
in  a  Untem ;  &  is  a  condenssr  pcorided  with  an  Irk  diaphiagm,*  the  best 
distance  of  which  from  the  incandescent  lime  Is  sasify  determined  bj 
actual  ez|>criment.  <r  is  a  gUss  tube  of  about  |  inch  inner  diameter,  the  two 
ends  of  which  have  been  ground  paifeetlj  smooth.  One  cod,  the  left  haod 
one  in  the  drawing,  is  dosed  by  eemsoting  apoo  it  a  micro  cover  gisa  of 

>  Jvmn.  Chtm,  Soc,  18M,  p  1S7. 
*  Th«  Qrpi  of  eoadeimr  ftsqwatly 
vwy  w«U. 
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Btiitablo  diameter.  The  other  uud  can  1-  <  1  o  r <i  with  a  stopper  rf,  in  the 
I>crforation  of  which  a  piece  of  glasa  tuMnus  i  <  nt  at  ri^'ht  an^lc,  is  fixed. 
This  allows  the  tube  to  be  filled  with  the  solution  to  be  examined  without 
leaying  in  the  tube  any  air  bubbles  to  obstruct  the  path  of  the  light.  The 
apparatus  is  so  arranged  that  the  pencil  of  light  comin<;  from  the  ozy- 
hydrogen  jet  passes  through  the  condenser  b,  and  traverser  axially  the 
tabe  0  oontaining  the  colloidal  solution  under  examination.  The  radially 
reflected  light  is  examined  by  means  of  a  Nichol's  prism,  which  is  fixed  in 
some  suitable  support. 

By  means  of  this  arrangement  the  *Tyiidall  effect'  may  readily  Ims 
observed  on  a  large  number  of  inorganic  colloids  in  solution,  but  it  is 
important  to  state  that  it  is  not  observable  in  all  inorganic  colloidal 
solutions,  and  in  some  only  if  they  have  been  prepared  in  some  special 
way.     The  case  of  silicic  acid  is  particularly  notable  in  this  respect 

Most  colloidal  solutions  of  low  concentration  can  be  filtered,  but  here 
also  we  observe  some  very  marked  differences  respecting  the  ease  with 
which  different  solutions  of  equal  concentration  pass  through  the  same 
kind  of  filter  paper.  Solutions  of  colloidal  sulphur,  inorganic  sulphides, 
some  forms  of  colloidal  silicic  acid,  molybdic  acid,  and  many  others  pass 
through  the  filter  almost  as  readily  as  water,  and  leave  no  sensible  residue 
on  the  filter.  Other  solutions  filter  more  or  less  difficultly,  and  some  few 
scarcely  at  all.  Elxactly  similar  differences  exist  between  the  very  numerous 
organic  colloids. 

Filtration  through  porous  cells  is  a  much  more  severe  test,  and  it 
appears  that,  even  under  pressure,  only  very  few  of  the  colloids  are  capable 
of  passing  through  this  material.  There  is,  however,  a  limited  number  of 
inorganic,  and  a  somewhat  larger  number  of  organic,  colloids  which  are 
capable  of  hydrodiffusion,  although  the  rate  of  diffusion  in  every  case  is 
very  small. 

Of  extreme  interest  is  the  fact,  first  observed  by  Picton,^  that  in  a 
few  colloidal  solutions  examination  with  the  microscope  reveals  the  presence 
of  solid  particles.  The  following  quotation  from  Picton's  paper  well 
describes  the  microscopic  aspect  of  a  colloidal  solution  of  mercuric  sulphide : — 
"At  first  it  is  impossible  to  make  out  anything  beyond  a  dimly  granular 
appearance;  but  gradually  one  becomes  aware  of  exceedingly  minute 
particles  in  very  rapid  Brownian  movement.  The  apparently  homogeneous 
solution  is  really  the  scene  of  ceaseless  oscillations  of  innumerable  solid 
particles,  crowded  together  so  closely  that  very  little  free  path  is  left. 
Indeed,  this  last  fact  is  the  probable  explanation  of  their  being  seen  at  all. 
In  a  dilute  solution  the  motion  most  likely  becomes  so  rapid  as  to  render 
the  particles  invisible." 

It  will  readily  be  perceived  that  the  very  high  molecular  weight  of  the 
colloids  as  a  class  is  well  borne  out  by  their  comparative  chemical   and 
physical   indifference,   the   low  osmotic   pressure  of  their  solutions,  and 
1  Jaum.  Chem,  Soc.,  1892,  p.  187. 
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oooMquentlj  their  low  rmUi  of  dtfliiitioii  •nd  IIm  alacNi  isnuMMMmblj 
deprgwioo  of  their  freeiing  poinu  and  the  eqoAllj  nndl  el«vaskai  of  iMr 
boiling  points. 

It  i«,  however,  quite  obWoue  that  although  til  theie  eoMteott  un  §B 
verj  low  M  compared  with  the  oorraepoodliig  oomtaiifei  ol  the  ofTetaOold 
bodiei,  this  it,  after  all,  a  matter  of  degree  oolj,  and  theiv  wonld  noi  he  the 
tlighteat  diffieultj  of  oompiling  for  every  ooostani  a  ieaK  the  terme  of 
wbioh,  without  anj  appreoiable  gap,  gnuluallj  proeetd  fhm  the  moel 
obaraoteriette  oryttalloida  to  the  meet  tjpioal  ooUoida.  Bat  Ihia  heh^  m^ 
it  is  eridenUj  a  moet  objeetiooable  prooedure  to  erect  a  pmelj  artiflaial 
barrier  between  crystalloida  and  colloids  bj  deeeribiDg  the  eolutioiH  of  the 
latter  at  peeudo-eolutions,  or,  worse  still,  as  loapenitoiii. 

No  doubt  this  mistaken  view  is  largelj  based  npoo  the  Isoi  thai  a 
great  many  colloidal  solutions  oontain  particles  large  enough  to  aoatter 
light,  and  even,  in  some  cases,  to  become  visible  under  the  mieraeoopo— 
optica]  properties  which  appear  to  be  incompatible  with  oar  ptwrloue  eon- 
ceptious  and  experience  of  molecules.  But,  granted  a  soffidentlj  high 
moleoolar  weight,  the  low  osmotic  pressure  of  colloidal  solotioos  beeonve  a 
neoenaiy  corollary,  and  with  it  all  the  rest  of  those  physieal  pcopertiei 
which  at  first  sight  appear  to  differentiate  so  clearly  colloids  from  oystal- 
loids.  There  remains  then  only  the  difficulty  of  admitting  the  poaihility 
of  the  existence  of  molecules  laige  enough  to  scatter  light  and,  indeed,  to 
come  within  actual  vision. 

But  quite  recently  Lobby  db  Brutn  >  has  shown  the  futility  of 
this  argument     This  author  calls  attention  to  the  fact  that  the 
particles  capable  of  polarising  light  are  from  fifty  to  a  hundred  timei 
than  the  mean  wave  length  of  light     Putting  the  Utter  at  O-ftm  the  dia- 
meter of  these  particles  could  therefore  not  be  less  than  from  ft  to  lO^a^ 

We  are,  however,  able  to  determine  the  molooular  dianMiUw  of  nftnl 
colloids  on  the  basis  of  their  molecular  weighti  as  dslsnnhied  by  porriy 
chemical  methods. 

By  the  cryosoopic  method  the  following  molecular  weigbta  wexv  oo- 
tained  :— etaroh,  25,000 ;  albumen,  13,000  to  14,000;  gelathM^  6000;  dsi- 
trine,  3000  to  4000 ;  inuline,  2200.  But  these  figures  have  always  ben 
looked  upon  as  rather  doubtful,  owing  to  the  consklerahle  expeiiaMotal  error 
involved  by  the  application  of  the  otyosoopio  method  to  the  dstsinihisiiiiu 
of  the  moleculnr  weight  of  colloidal  substanoes.  It  is  thswfais  iapoftanl 
to  point  out  that  Bbowx  and  Millab,'  in  their  valuable  paper  on  slaieh,  da- 
trioe,  and  the  sucoessive  hydrolysis  of  theee  bodies,  arrived  at  the  result 
that  the  molecular  weight  of  soluble  starch  piepared  by  Lintner^  mslhod 
is  at  least  33,500,  and  that  of  dextrine  6500.  In  the  eouise  of  their  in 
vestigations  on  iodine  starch,  Bodbwald  and  KATnnir  *  deduced  for 
a  molecuhur  weight  of  33,700.    The  remarkably  close  sgisemsnt 
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the  last  named  and  Hrown  aiid  Millar's  figure  will  at  once  be  perceive<l, 
as  also  the  fair  approximation  of  both  these  figures  to  the  one  obtained 
oryoscopically. 

Aooordiug  to  Van  dkr  Waal's  calculations,  the  diameter  of  gas  molo- 
ooles  is  about  from  01  to  0'3/x/i,  and  the  diameter  of  the  molecule  of 
chlorine  was  stated  by  Jakqrr  >  as  0'66/x/i.  Now,  taking  i\n  our  basis  the 
molecules  of  water  vapour,  oxygen,  carbon  dioxide,  and  chlorine,  with  the 
respective  molecular  weights  of  18,  32,  44,  and  71,  it  will  be  seen  that  the 
molecular  weight  of  starch  is,  roughly  speaking,  a  thousand  times  heavier 
than  the  mean  of  the  above.  Assuming  now,  as  an  upproximation,  that  the 
specific  volumes  of  these  molecules  are  equal,  it  follows  that  the  diameter 
of  the  starch  molecule  in  solution  is  y  1000=  10  times  larger  than  that  of 
the  above  named  molecules,  and  therefore  about  5/x/x.  But  this  value  is 
practically  identical  with  the  value  deduced  for  the  diameter  of  the 
particles  which,  in  colloidal  solutions,  are  capable  of  scattering  polarised 
light,  so  that  by  entirely  different  and  absolutely  independent  methods,  we 
arrive  at  values  of  exactly  the  same  order  of  magnitude. 

From  this  extremely  interesting  exposition  it  follows  that  colloidal 
solutions  which  scatter  and  polarise  a  pencil  of  light  passing  throuj^li  them, 
or  which  even  prove  themselves  microscopically  discontinuous,  cannot  for 
this  reason  be  set  apart  as  *  pseudo-solutions '  or  *  molecular  suspensions.' 
The  introduction  of  these  conceptions  can  only  have  the  result  of  altogether 
obscuring  the  clear  fact  that  there  exists  at  present  no  recognisable  line  of 
demarcation  between  crystalloidal  and  colloidal  solutions.  The  dis- 
continuity between  these  two  so-called  classes  of  solutions  is  only  apparent, 
and  a  discontinuity  of  methods  of  perception  rather  than  of  phenomena. 

LoBRT  DS  Bruyn  ^  quite  clearly  realises  this,  but  his  proposal,  based 
upon  PiCTON  and  Lindkr's  observation  that  colloidal  solutions  are  non- 
electrolytes,  to  distinguish  electrolyte  and  non-electrolyte  solutions  will,  no 
doubt,  in  time  share  exactly  the  fate  of  the  older  distinction.  It  is 
certainly  very  striking  that  all  the  colloidal  solutions,  organic  or  inorganic, 
even  solutions  of  colloidal  silver,  are  non-electrolytes;  but  everythin«;  is  in 
favour  of  the  assumption  that  as  we  proceed  from  the  high  molecular 
colloidal  solutions  to  the  crystalloidal  solutions,  the  phenomenon  of 
ionisation,  conductivity,  will  gradually  appear  and  increase. 

But  if  all  this  requires  any  further  proof,  there  is  the  case  of  oxyhemo- 
globin as  given  by  Pigton  and  Linder  themselves.  Preyer  assigns  to 
hsemoglobin  the  empirical  formula  CgoQHgjjoNjj^FeSgOjgo,  which  agrees  very 
satisfactorily  with  M  arshall's  result,  who,  from  the  amount  of  carbonic  oxide 
absorbed  by  hsemoglobin,  determined  its  molecular  weight  as  14,157. 
OxyhsDmoglobin  is  a  finely  crystallisable  compound,  the  scarlet  solution  of 
which  in  water  (0-3  per  cent.)  very  markedly  exhibited  Tyndall's  phe 
nomenon.  Nor  was  it  possible  to  filter  this  solution  through  a  porous  cell : 
the  filtrate  obtained  was  absolutely  colourless.     We  have  therefore  here  a 

'  ZeiL  Fhj/s.  Cktm.,  32,  17.  ^  Rcc.  da  Trav.  ehim.,  rix.,  265. 
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er}'ttftlUiia  ooopoimd  of  iioriiiooi  tndUenUr  ««%lii  fiMMlbf  «U  Um 
oharmoteritUoi  of  the  oolloidt. 

Of  eooTM  tboTB  b  this  diOeoliy,  tha  probiblj  all  th« 
perluipi  abo  ■ome  of  the  orgaoio,  colloklt  rnprt— it  hifli 
g»tM  of  orjtUlloid  roo1ooul«;  and  a«  tbo  mom  it  vadonbltdlj 
matter  io  mpMiaioii,  this  might  appear  a  ttmif  jmHtottoe 
*tuspeiiiioo  hjpotheda'  of  the  oolloidat  itate.  Bol  It  it  bj  m 
oertain  that  the  high  moleouUr  organic  oolloida  are  merelj 
the  orjatalloid  moleoalet  at  we  ooooeite  them.  It  it  bj 
that  ooUoidal  aneniotti  tulphide  ia  eimplj  (Aa^).  or  colloid^ 
(SiO^)».  Indeed,  aa  rogarda  the  Utter,  we  have  oertaio  iodieatiooi  that 
thit  it  not  theoaae.  Graham's  ooUoidal  tUieie  aoid  allowed  oolj  a  ftlnllj 
add  retotion,  and  100  grma.  of  SiO,  contained  in  it  required  for  eocnplett 
neutralieation  onlj  1*85  grma.  of  KOH  instead  of  9S'SS  gnnsi  Tbot 
it  would  appear  that  in  the  colloid  onlj  one  molaoult  ol  810,  In  ftflj 
is  capable  of  acting  chemically  as  SiO^  This  appeait  to  me  a  point  of  graat 
importance,  the  further  study  of  which  ia  likely  to  throw  eonridtimblt  light 
upon  the  great  chemical  indifference  of  coUoida. 

There  is,  howcTer,  a  further  point  whieh  teemt  to  aflbrd  ttroof  proof 
of  the  very  wide  difference  between  a  suspension  and  a  coHokial  aohitioa. 
This  is  the  remarkable  fact  that  a  very  conaiderable  nomber  of  nijettlhifcltl 
predpitatet  formed  by  double  decompodtioo  of  rarioiis  adtt  oeast  to  be 
produced  when  the  precipitation  is  attempted  in  highly  coooenttated 
colloidal  solutions,  although  double  decompoaitioo  certainly  still 
place.  Some  of  the  moot  insoluble  precipitates  are  in  thit 
obtained,  as  was  recenUy  shown  in  an  admirable  paper  bj 
Brutn,'  in  an  apparent  state  of  perfect  solution.  It  it  atloriy 
able  that  mere  tospentiont  of  high  molecular  aggregatet  conld  prodtiet 
such  a  result 

Nor  is  the  property  of  the  colloids  of  gelatinising,  or  ptetitiiig,  at  all 
intelligible  as  a  function  of  suspended  matter.  It  ia,  indeed,  wbeo  we  eoter 
upon  the  considenition  of  these  two  phenomena  of  the  colloidal  ttelt  that 
the  difficulty  of  the  colloidal  problem  beoomet  altogether  ofwwhtltrftg  kk 
the  preeent  condition  of  our  knowledge. 

The  gelatinising  of  a  colloidal  solution  must  be  dearly  diatiagulsbed  Irmi 
the  change  Qraham  termed  peotltatico.  The  gtlttfaows  stale  of  a  ool- 
!<>idnl  Rolution,  rebtiTC  to  the  liquid  state  of  tdutioii,  is  ohtiacttrittd  by  Ha 
reverubility.  The  physical  sUte  of  a  odloklal  jelly  is  eastotiaDy  a 
of  concentration  and  temperatora.  Asdutioo  may  be  indoeed  to 
either  by  increasing  ita  conceotratloo  or  by  lowering  Mt 
conTcrscly,  a  jelly  may  be  liqueaed  dther  by  redndag  tkt 
raiting  the  temperature.     For  every  ooQoid  capable  of  ftlttlnMnf '  there 

>  Ac  dm  ThM.  dkAa.  dm  Aiys  Am,  lis.  OMO),  tSi. 

*  Oaly  oonpaiatiTdy  fcw  of  th«  kn^^n  MHoid.  ^  tmBmUm  d  totmim^f  .UKm  i»  thm 
aboTvatnat. 
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seems,  however,  to  exist  a  cntical  concentration,  below  wliicli  no  reduction 
of  temperature  will  induce  gelatinisation. 

From  these  facts  it  may  safely  be  inferred  that  gelatinisAtion  is  an 
aggregation  phenomenon  resulting  in  the  cessation  of  the  free  mobility 
of  the  colloidal  molecules,  and  the  fixation  of  their  relative  positions. 
Colloidal  matter  in  the  gelatinous  state  represents  therefore  a  molecular 
sponge,  and  it  becomes  evident  that  colloidal  matter  in  this  state  already 
posBOflSCS  a  definite  structure,  determined,  no  doubt,  largely  by  the  stereo 
metric  condition  of  the  individual  molecules,  and,  as  I  believe,  in  a  minor 
degree  also  by  the  nature  of  the  solvent. 

This  highly  probable  assumption  explains  also  most  satisfactorily  the 
extraordinary  microscopic  reticular  structures,  of  which  we  owe  such 
admirable  accounts  to  Prof.  BOtschli.  The  conception  of  BOtsohli's 
colloidal  structures — *  Schaumstrukturen ' — which  are  of  an  order  of 
magnitude  respecting  their  elements  in  most  cases  approaching  the  limits 
of  microscopic  vision,  as  molecular  sponges  likewise  cannot  be  objected  to 
on  the  ground  of  their  visibility,  since  we  already  have  to  face  the  fact  of 
actual  molecules  in  solution  coming  within  the  limits  of  optical  perception. 

The  pectous  state  of  colloids  is  in  its  outward  appearance  often 
indistinguishable  from  the  gelatinous  state,  but  the  two  are  sharply 
distinguished  from  each  other  by  the  circumstance  that  the  pectisation 
of  colloidal  solutions  is  not  a  reversible  process.  Colloidal  solutions  can 
be  pectised  at  very  much  lower  concentrations  than  those  required  for 
gelatinisation,  and  in  those  cases  where  temperature  is  of  any  marked 
influence  upon  pectisation,  this  influence  shows  itself  as  the  effect  of  a 
rise  of  temperature. 

The  influences  which  induce  the  pectisation  of  colloidal  solutions 
are  somewhat  varied  and  certainly  not  easy  to  classify.  Some  colloidal 
solutions  pectise  spontaneously  on  standing,  some  by  boiling,  a  large 
number  of  the  inorganic  colloids  by  freezing.  The  majority  of  the  in- 
organic colloids  pectise  on  adding  to  their  solutions  minute  quantities 
of  electrolytes,  but  in  a  number  of  cases  the  precipitates  obtained  are 
re-soluble  in  pure  water,  and  therefore  certainly  not  pectous. 

The  most  typical  cases  of  pectisation  are  those  in  which  the  colloid 
in  solution  forms  a  pectous  jelly  on  undergoing  a  chemical  change. 
Cases  of  this  kind  are  extremely  rare  amongst  inorganic  colloids,  but 
rather  frequent  among  the  organic  colloids.  The  question  of  the  change 
involved  in  the  pectisation  of  a  colloid  is,  on  the  whole,  still  a  very 
obscure  point,  and  the  probability  is,  that  it  will  ultimately  be  found  to 
resolve  itself  into  a  group  of  partly  physical,  but  mostly  chemical  clmnges. 

As  regards  the  physical  condition  of  matter  in  a  pectous  jelly,  it  must 
obviously  be  described  in  exactly  similar  terms  to  those  in  which  we  have 
above  described  the  constitution  of  a  *  reversible  *  jelly.  But  the  *  fixation  of 
the  relative  positions  *  of  the  colloidal  molecules  in  the  case  of  the  pectous 
jelly  being  due  to  a  chemical  change  produced  in  the  molecule,  it  could 
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only  be  reverwd  bj  reTwiiiig  Um  ebamiml  riMlloii  in  qoailta,  and  u^ 
by  A  mero  eluuige  of  pbjtioAl  eooditioQi»  mob  m  tMnpermtitM  or  ■olfwi. 

Snob  a  obomiofti  obiuiB*  nui7i  of  oouiw,  bo  ioduood  bj  ponlj  pbjikal 
•goota,  M  hi  tbo  OMO  of  Albmnoii  bj  tbo  appUeatioo  of  bigbor  tmnpmtntm, 
in  whiob  omo  paotiiaUoo  would  bo  duo  to  *  proooH  of  nnod«Miifion  or 
dobjdimtioo;  bat  in  tbo  majoritj  of  omoo  It  to  tbo  rondt  of  B 
rooetioii  botwoen  tbo  oolloid  fai  iolntloo  and  oo  added  oboreJoil 

While  oomparativolj  few  only  of  the  numerous  or^uiie  and  iooffuUe 
oollokto  are  capable  of  forming  reronlble  joUiei,  all  are  oapablo  of 
peotoot  jelliea.  Indeed,  oTon  tbo  aolid  ooUoids  are  paottoed, 
pennanentlj  iiiaoluble,  wbenoTor  we  are  able  to  induoe  in  or  tbrougboat 
them  a  oheroioal  reaotioo  under  the  influonoo  of  eooM  ootiklo  mfoot. 
And  this  bringe  us  into  oontact  with  a  matter  of  ettremo  febntoal 
importance  in  regard  to  oolloids — namely,  the  feet  that  tbo  ultimate 
physical  condition  of  every  colloid  in  the  peotous  state  depends  to  a  refy 
oonsidenible  extent  upon  the  physical  state  of  tbo  oolloid  at  tbo  timo 
peotisatioii  was  produced.  In  oilur  wortU,  peeJitoHam  is  tki  mmtm  oj 
perpehiaiing  fmff  Tphytieai  tiaU  of  a  eoUoid,  Tbo  vast  nugority  of  tbo 
most  important  technical  problems  in  relation  to  oolloids  beoomo  intelligible 
once  this  faot  is  clearly  realised. 

There  b  one  curious  point  to  be  noticed  in  regard  of  tbo  peettosHon 
of  colluidal  solutions.  It  oonsists  in  the  feet  that  while  colloidal  eolutiouo 
can  be  peotised — 1.0.,  convertod  into  insoluble  ooUoida — bowavor  great 
their  dilution,  pectous  jellies  can  be  obtained  only  with  aolntioaa  tbo 
oonoentration  of  which  does  not  fall  below  a  oertain  limit,  which  differs 
not  inconsiderably  for  different  colloids. 

It  may  at  once  be  stated  that  theee  limita  are,  for  tbo  vaiioos  oolloids, 
very  much  beyond  the  limits  of  concentration  determining  the  formation 
of  revereiblo  jellies  in  the  different  colloids ;  or,  in  otber  word%  a  colloidal 
solution  will  form  a  peotous  jelly  at  a  dilution  at  wbiob  tbo  solntioB 
would  no  longer  form  a  revontible  jelly.  But  tbo  ooooontrataon  at  wbieb 
a  colloidal  solution  has  been  converted  into  a  peetona  jolly  leaver 
nevertbelesB,  its  mark  upon  the  oolloid,  eo  as  to  render  it  permanently 
distinguishable  from  any  pectous  jelly  of  the  eamo  oolloid,  but  prodoeed 
at  a  different  concentration.  Nor  does  this  difforenoo  disappear  if  snob 
different  pectous  jellies  are^  by  desiooation  or  otberwise,  faoed  from  tbo 
solvents  distending  them.  In  fiiott  in  most  oaaea  tbore  rsmains  a  diflersooe 
in  their  general  appearance,  their  softness,  often  even  tbeir  eolonr;  aad 
«>n  re-immersbg  theee  different  products  in  their  former  aolvsoti^  wUeli 
cause  them  to  swell  or  distend,  it  will  be  found  tbat  the  voIums  la 
which  tbey  are  distended  bear  an  evident  close  rrUtion  to  the  volumas 
they  occupied  before  their  pectisation. 

Colloidal  solutions  subjected  to  a  p<-cttMn^'  TrrAtmnu  %x  i^>norn- 
t  rations  beyond  the  limits  above  refenxxl  to,  m  alrevulv  »utc«l,  no 
longer  form  pectous  jellies,  but  simply  amoqibonB  pteeipitatei^  and  it  ii 
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highly  significant  and  suggestive  that  at  whatever  concentrations  these  pre- 
cipitates have  been  produced,  they  behave  physically  and  chemically 
exactly  alike.  One  cannot  help  thinking  that  in  colloidal  solutions  the 
individual  molecules  do  not  possess  free  mobility,  but  that  the  latter  is 
impeded  by  a  general  action — attraction  Y — of  all  the  molecules  upon  each 
other.  This  would  necessarily  lead  to  the  displacement  of  any  one 
molecule,  or  group  of  molecules,  by  an  external  force  resulting  in  a 
corresponding  displacement,  but  one  decreasing  with  the  distance  from 
the  centre  of  disturl)ance,  of  all  the  surrounding  molecules.  Such  a 
ooDoeption  appears  to  afford  a  satisfactory  explanation  of  the  often  very 
striking  viscosity  of  colloidal  solutions,  which  often  exhibits  itself  in  such 
a  peculiar  form  as  to  suggest  that  in  colloidal  solutions  we  are  con- 
fronted with  matter  in  a  state  of  continuous  molecular  concatenation 
or  aggregation.  It  likewise  seems  to  me  to  explain  the  cause  of  the 
often  enormous  internal  friction  of  colloidal  solutions,  and  would  suggest 
it  to  consist  really  in  a  molecular  shearing  stress.  This  peculiar  mo- 
lecular effect,  which  also  exists  in  many  highly  concentrated  crystalloidal 
solutions,  would,  of  course,  tend  to  decrease  with  the  concentration,  and 
would  entirely  disappear  beyond  a  certain  limit  of  dilution.  The  exist- 
ence or  disappearance  of  this  state  of  molecular  interaction  would  determine 
the  capability,  or  the  reverse,  of  colloidal  solutions  to  form  pectous  jellies. 

A  hypothesis  of  this  kind  may  or  may  not  prove  of  service,  but  it 
suggests  several  highly  interesting  lines  of  experimental  research  which 
in  any  case  would  be  productive  of  valuable  results.  The  problem  in 
question  is,  however,  considerably  complicated  by  the  fact  that  the  nature 
of  the  solvent  itself  by  no  means  plays  a  passive  part  in  the  formation 
of  a  colloidal  solution. 

This  is  well  exemplified  in  the  case  of  india  rubber,  the  viscosity  of 
the  solutions  of  which  varies  markedly  with  the  nature  of  the  solvent 
employed.  And  these  differences  seem  to  endure  even  after  the  separa- 
tion of  the  solvent  from  the  colloid.  At  any  rate,  india  rubber  separated, 
either  by  precipitation  or  by  evaporation,  from  its  solution  exhibits 
considerable  differences  in  its  physical  properties — notably  in  tensile 
strength — according  to  the  nature  of  the  solvent  in  which  it  was  dissolved  ; 
and  this  fact  I  believe  to  be  closely  related  to  the  further  observation 
that  a  similar  striking  difference  exists  between  the  relative  volume  to 
which  india  rubber  will  swell  in  different  solvents.  These  facts  are 
matters  of  considerable  technical  importance. 

Thus  far  the  condition  of  matter  in  the  colloidal  state  would  appear  to 
be  simply  that  of  matter  possessing  extremely  large  molecular  weights, 
but  not  diflfering  from  crystalloidal  substances  by  any  specific  physical 
or  chemical  characteristics.  The  transition  from  the  crystalloidal  to  the 
colloidal  state  would,  accordingly,  appear  to  be  perfectly  gradual  and  con  • 
tinuous ,  and  although  the  extreme  terms  of  the  series  exhibit  enormous 
physical  and  chemical  differences,  these  become  quite  insignificant  between 
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neighboariiig  tennis    'then  U  mucb  in  Uao  lacU  known  al 
ref»ronoe  to  ooUoids  to  oommMid  ihk  Tiow,  bol  than  un  tJm 
propertiei  of  ooUoiditl  ■olatiooi,  moti  of  which  haYO  tthmdj  hma  fdmnd 
to  above,  which  do  not  beoomo  more  faitoUigible  < 

Perhape  the  moet  ■triking  of  theee  ie  the 
in  eoluUon,  or  in  the  etate  of  a  jellj,  are  oapable  of  altogether 
the  formation  of  a  great  number  of  orTitnUoidal  preoipitetea  Thk  CmI 
haa  long  been  known,  but  it  wan  6rit  studied  more  thoroogfafy  bj  Lomnr 
Di  BiiUTK,'  who  showed  that  insoluble  preoipitatea  of  a  number  d  ealts, 
which  form  bj  double  decomposition,  are  no  longer  obtained  if  these  eolu- 
Uons  contain  from  5  to  10  per  oent  of  geUtine.  Double  deeompoeitkm, 
indeed,  does  take  place  under  thoee  circumstances,  but  the  products  reoMiin 
in  colloidal  solution.  On  cooling  such  mixtures,  absolutel/  glsss  rlosr  JeUiee 
are  obtained.  Lobrt  db  Bbuyn  obtained  in  this  manner  perleetlj  trans- 
parent oolloklal  solutions  of  metals  (bjr  rednotiooX  enlphkle%  hjrdroikies, 
ferrocyanidei^  cuprous  oxide,  and  manganeee  peroxide. 

l*hese  facts  are  quite  iuexplicablo  on  the  above  aanmiptioo.  Tbej 
show  that  colloidal  solutions  are  capable  of  induoing  the  colloidal  eonditfan 
in  normally  crystalloidal  preoipitatea  at  the  moment  of  their  fonnatioik 
Thb  very  curious  phonomenon  is,  of  course,  not  incompatible  with  our 
above  assumption,  nor  is  it  very  likely  that  it  confliota  with  a  property 
6f  colloidal  matter  which  is  not  also  shared  by  matter  of  a  lower  molennhr 
weight,  and  which,  indeed,  may  be  a  function  of  that  constant ;  but  even  ao, 
its  explanation  cannot  be  hoped  for  until  our  knowledge  of  the  phyMos 
of  matter  of  extremely  high  molecular  weight  haa  conaklerabl|y  advanoed 
beyond  its  preeent  state.' 

>  ite.  dm  Traw.  ehiw^,  1900.  p.  SSC 

•TheftirthwqiMition  m  to  whsthsr  the  eoOoidsl  itets  is  ooaiaad  le  Om  solid  sad 
liquid  sfefttM  of  mativ,  or  wbothar  thori  is  soeh  a  thing  as  s  ooOoiibl  gM,  I  Ad  aot 
TontarB  upon  in  tho  flbngoing  psg«  for  vwy  obviooa  riMooa  At  Sist  sight  thli  m^gm- 
tion  appaari  to  bo  rorging  on  the  absurd,  ••  it  Blight  OMm  to  imply  that  eoOaidi  eoaU  ho 
ooaTHtodintogMea  Of  this  no  inotanoe  ii  kaova.  Bat,  oa  tko  othsr  hsad,  TOwasam 
(/Vw.  Oamb,  PkiL  Ae.,  1697)  nsds  the  ^mj  makm  olMr?atioa  that  altetiiiia 
hydrogw  dilfboao  with  sstrHnt  slowaosi  throagh  a  pofoat  pottos  Plat  J.  J.  Tbomsoii 
(DteAaryo  ^  BUdrieU^  tkrmi^h  (7«sm,  p.  16.  Loadoa,  1696)  pats  it,  Jsat  as  if  aa 
olootriftod  partiolo  woro  "tho  oontrt  of  SB  aggragata  of  oooM  kiad  whieh  li 
oompared  with  tho  dimonaiona  of  a  molaoakh"  Bat  thia,  seeoidiag  to 
anirad  at  aboTo,  ia  axaotly  what  woold  ooastitato  a 
TowKSBVD  fillod  dnst-ftoa  doetrifiad  bydrogn  iatoaporDoa  pott  "Tbo  nlo  at  whiah 
hTdrogan  in  ita  aormal  ooaditioB  aaoapad  from  tha  p^  waa  dsCanaiaid,  aad  tWa,  fey 
ooBBoeting  tha  poroos  pot  with  aa  iadaetor  eoaaaotsd  with  aa  IiuIiibiHw,  the  lalaaft 
which  tha  eharga  aaoa{MMi  from  tha  p«4  waa  datswilaad.  If  tha  alaelitaal  paitiakB  hsd 
basn  ofaaplo  mokoulaa,  tha  rata  at  which  tha  ehaiga  aaaapad  woaU  hava  baaa  a^  to 
thamta-bf  aseapaof  tha  hydrogan  ;  wharaas  tha  aspatinaat  ohowad  that  faiiMlftly  tha 
rata  at  which  tha  oharga  aaoapad  waa  only  a  aoMll  ftaetioa  of  tha  sUs  at  ~  ' 
hydrogaa  aaoapad."  Ia  other  worda,  hara  wa  hava  hydrsgn  SBHBfaig  ynifmikm 
distingoiah  it  fhan  ito  aonaal  ooaditioa,  joit  ia  tha  auaa  BMaaar  in  wUah  a  oiysfei 
aobatanoa  ia  diaringniahad  fcwa  Its  ooUofclal  fana.  Wholhar  Tofwaasyn  «m  api 
with  colloidal  hydrogaa  ia  this  sssa  isaqasstioa  of  aaUwaa  fartiwat     Ifsa^wa 
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It  18  quite  poffiible  that  experiments  on  the  phenomena  just  disoussed 
applied  to  iudia  rubber  would  be  capable  of  yielding  highly  interesting 
technical  reeults,  and  would  well  repay  careful  study. 

Outlinee  of  a  Theory  of  Vulcanisation. 

India  rubber,  within  a  comparatively  very  limited  mnge,  displays  great 
sensitiveness  to  changes  of  temperature.  In  the  early  stnges  of  the  munu- 
faoture  of  rubber  goods  this  drawback  was  very  keenly  felt,  and  so  was 
the  further  difficulty  that  india  rubber  surfaces  have  a  great  tendency 
to  cliug  and  unite,  and  that  the  plasticity  of  the  material  was  very  apt 
to  lead  to  deformations.  The  'tackiness'  of  india  rubber,  it  was  sofjn 
found,  could  be  largely  remedied  by  treating  the  surfaces  with  mineral 
powders,  such  as  French  chalk  (talcum),  precipitated  calcium  carbonate, 
or  sulphur.  But  this  would,  of  course,  still  leave  the  other  difficulties  to 
be  felt  It  is  therefore  not  surprising  that  the  early  practical  workers  tried 
to  devise  a  process  to  convert  the  crude  india  rubber  into  a,  physically, 
more  stable  product.  This  was  accomplished  by  treating  india  rubber  with 
sulphur  at  temperatures  exceeding  120°  C,  a  process  jointly  credited  to 
Goodyear  in  America,  and  Hancock  in  England.  The  process  is  now 
known  by  the  not  very  felicitous  description  of  vulcanisation. 

The  recent  efforts  of  chemists  to  bring  to  bear  upon  the  numerous 
operations  and  problems  of  the  india  rubber  industry  the  methods  and 
results  of  modem  chemistry  have  repeatedly  been  made  the  subject  of 
adverse  criticism.  The  smallness  of  the  results  so  far  achieved  has  been 
contrasted  with  the  enormous  importance  of  the  above  named  discovery  of 
Goodyear  and  Hancock.  Such  criticism  entirely  overlooks  the  fact 
that  this  discovery  was  the  result  of  years  of  experimenting,  aud  was  then, 
in  the  end,  in  the  case  of  both  discoverers,  due  far  more  to  perseverance 
and  accident  that  to  rational  method  and  insight  Of  inventions  and 
discoveries  made  in  this  more  or  less  haphazard  manner  we  only  hear  of 
the  successes,  but  not  of  the  coimtless  failures.  On  taking  possession  of 
the  india  rubber  field,  the  chemist  found  himself  confronted  by  an  enormous 
number  of  empirical,  disconnected  observations  resting  upon  no  other 
basis  than  that  of  daily  rule-of-thumb  routine.  As  regards  the  india  rubber 
itself,  quite  apart  from  the  phenomena  encountered  in  its  manufacture, 
nothing  at  all  of  any  reliable,  or  even  tangible,  nature  was  known.  In 
other  words,  the  very  basis  had  to  be  created  for  the  scientific  method 
to  be  applied.  It  is  not  usual  that  pioneer  work  of  this  kind  leads  to 
immediate  revolutionary  discoveries. 

Often  these  same  critics  assure  us  that  vulcanisation  being  a  long  ac- 
complished fact,  there  is,  indeed,  nothing  left  for  the  chemist  to  discover 
concerning  india  rubber.     This  statement  is  made,  be  it  noted,  at  a  time 

expect  the  vapour  density  of  this  electrified  hydrogen  to  be  very  much  higher  than  the 
vapour  density  of  this  gas  in  its  normal  condition.  An  experimental  decision  of  this 
highly  important  point  should  not  be  very  difficult 
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when  not  ooe  nuuiufieterir  oitl  ol  too  hM  lb«  fiOotoil  idm  of  tU 
ruituro  of  Um  proeiM  apoo  whkb  be  (Uptodt  for  life  vholo 
when  tho  Mine  oriUoal  authoritiot  oanooi  agrM  bolwoe  Ihooi  vhollMr 
•alpbar  doit  or  doot  nol  obomfeollj  oombliio  with  Um  iodfe  nhbm  fai  IIm 
nilMnfeiqg  proesM,  and  om  Mtiontlj  itoto  that  hidk  rabbor 
liquid  hjrdrooiirbona,  or  that  such  are  forinad  in  the  pfooes  of  roUor 


We  turn  our  attention  first  to  the  qoeetloo  of  the  f«»erU  aolta  of 
sulphur  upon  india  rubber  at  higher  temperatures,  and  it  v  ill  be  adriasble 
to  oompleto  this  enquiry  bj  aeoertaining  at  the  same  time  Um  natno  of 
the  action  of  pARKn*  cold  mloanising  agent*  snlpbor  mooocbloridek 

The  sulphur  bath  method  might  sppear  from  several  points  of  view  die 
most  suitable  method  of  studjring  this  question,  but  after  a  nnmber  of 
attempts,  I  abandoned  it  in  favour  of  the  method  of  sobjoetiug  OMvlbOj 
prepared  homogeneoos  mixtures  of  Pari  rubber  with  a  definite  amount  of 
sulphur  to  the  action  of  heat  Again  in  this  case  we  have  the  ohoiee  of 
several  methods  of  heating,  but  the  one  of  heating  pieees  of  thfe  Pari 
mixture  of  uniform  thickness  to  mloanising  tempeiaturea  when 
in  water  api»eared  to  me  the  most  satisfisctory,  as  it  involves  the 
of  loss  of  sulphur  bj  evaporation. 

The  experiments  were  oarried  out  with  strips  eat  from  a  eafeodered 
sheet,  S  mm.  in  thicknees,  of  a  mixing  of  100  parts  of  Psri  mbher  with 
10  parts  of  pure  precipitated  sulphur.  Theee  strips  were  vulcanised  in  a 
phosphor  bronxe  digester  of  the  oonstmotioD  shown  in  fig.  4. 

The  digestor  is  provided  with  a  thermometer  tobe  (thermomster  fai 
mercury),  a  pressure  gauge,  and  a  blow-off  vmlve.  In  the  digestui'  a 
porcelain  beaker  is  suspended,  so  that  it  is  olear  of  the  bottom.  The 
digestor  is  filled  to  ahoat  one  quarter  of  its  oapaeity  with  watsr;  the 
beaker  is  completely  charged  with  water,  and  a  number  of  the  strips  to 
be  experimented  upon  immersed  in  it.  The  digestor  fe  tlien  dosed,  mpidly 
heated  to  the  required  temperature,  and  maintained  thereat,  either  by 
carefully  adjusting  the  gas  burner,  or  by  means  of  some  form  of  thermo> 
regulator.  At  regular  intervals  one  of  the  strips  fe  withdimwn  after 
blowing  off  steam  and  rapidly  opening  the  digestor,  which  fe  then  im- 
mediately oloeed  again  to  continue  the  eeriea.  The  time  error  enaosd  by 
these  sucoeesive  withdrawafe  does  not  exceed  four  minutee  per  sampfei  Of 
course  the  water  lost  bj  the  bk>wn-off  steam  fe  from  time  to  tame  mode 
up  with  boiling  water. 

The  strips  thus  withdrawn  are  marked,  and  sobatqneolfy  eat  into  very 
fine  threads,  which  are  freed  from  every  timoe  of  nnooabhisd  siUphor  by 
extrsotion  with  soetooe  in  a  Soibtot  extrsolor.  The  grmteel  erne  mm 
empbyed  to  render  thfe  operation  perfeot,  every  sample  bsiof  lubjesisd  lo 
a  three  days'  continuous  extraction.  The  extracted  mmpfes  were  drfed  in 
a  current  of  carbonic  acid  in  the  water  oven  and,  antil  analyais, 
in  carefully  stoppered  glam  tubes. 
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About  1  grm.  of  each  of  these  samples  was  used  for  analysis.  The 
sulphur  determinations  were  all,  without  exception,  carried  out  by  Carius' 
method,  as  the  results  by  the  much  simpler  and  more  expeditious  method 
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loation  experiments. 


proposed  by  Hekriques  (see  page  253)  were  found  to  be  liable  to  an  error 
approaching  -01  percent,  in  magnitude.  In  this  manner  the  following 
results  were  obtained  : — 

Vulcanisation  of  PabA  Rubbbb. 


Temperatures  of  Vulcanisation. 

Duration  of 
Valcanisation. 

120'0. 

126*  C. 

180*  C. 

185'  0. 

140*0. 

s.  % 

8.% 

s.  % 

s.% 

S.% 

80  mins. 

0-71 

0-71 

0-99 

1-76 

«o     „ 

118 

1-82 

1-44 

217 

90     „ 

1-81 

1-67 

204 

2-86 

120      „ 

1-62 

1-91 

2-32 

8-92 

6-07 

160      .. 

... 

... 

... 

4  02 

... 

180      „ 

1-78 

211 

2-94 

418 

6  06 

240      „ 

1-98 

2  22 

5  00 

6-60 

800      „ 

2-26 

2-86 

6-27 

6-74 

860      „ 

2-60 

8*80 

6-82 

6-88 

420      „ 

871 

404 

6-04 

6-97 

480      .. 

8-94 

4-81 

6-33 

718 

... 
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ThflM  flgofw  ampl J  riAm  to  dwnowUatt  iediipoUbly  Um  fcat^ 
quite  reoantlj  agftin  deolad,  that  th^  wvimaSmAm  of  Indk  i«bb« 
■ulpbur  ioTolTM  ibo  ohomioil  oombinattoti  of  Umm  two  wahttlmocm,  at  aoj 
rate  aa  far  aa  the  ▼oleaniiaHan  of  Pari  rubbor  is  5*ftPffri>fd. 

Tbat  diflTerent  branda  of  iodia  rubber  bahavo  mrj  diflbrantljr  ia  tiM 
TBtamJaaUoB  pvoeaaa  ia  a  waU-known  ImI,  bat  vhal  w  know  al  tlils 
momaol  raapMtiiig  tha  oonpositioD  and  ehamieal  ■th^frtHtfp  of  cImm 
different  branda  entitlea  ua  to  aaaumo  that,  although  their  bahftvioor  mdar 
▼uloaniaatioD  may  Dot  ba  idaotical  with  tbat  of  Pari  nibbar,  it  will  ba 
mora  or  Um  oloaelj  analogoua  to  it. 

Eipehinant  entire]/  confirms  thia  aipaetatioo,  aa  ia  abown  bjr  th^ 
following  tables,  whioh  ahow  the  effect  of  the  Toleaoiaatioo  of  Lagoa,  Hani 
lUTer,  Ceara,  and  Borneo  rubber  at  the  temperatorea  of  lS5*C.aiid  196*0. 
reepectiTely : — 

VDLOANtBATIOlf   Or   UpPIB  OoVOO^   BbVI   RjTIB,  ClJUU,  AMD 
BORVBO  RUBBn. 


UpiMrOoago^ 

BwiBifW. 

OMia. 

Bm 

m^ 

Dtamdoaof 

VnlcanUMtion. 

12fi-C. 

188*  0. 

128- a 

186*  a 

i2ra 

188- a 

128-C 

ura 

80  mint. 

8.x 
0  83 

ti 

u 

8% 

1-07 

8.x 
0-W 

f-S 

%£ 

u 

•0     .. 

1-25 

221 

0-78 

1-84 

1-88 

2D1 

0-88 

Vl$ 

90     .. 

1-86 

2  72 

1-10 

8-28 

2-01 

!-» 

1-tl 

1-78 

120     ., 

IM 

8  02 

1-58 

8-76 

2-98 

8-28 

1-84 

2-02 

1«0     ., 

1-70 

8M 

218 

488 

2*62 

8-88 

1-84 

2-41 

240      ., 

208 

4-88 

8-08 

6-87 

8-22 

4  18 

2^ 

2-82 

800     ., 

2*48 

6"M 

4-67 

8-72 

8-48 

4-66 

2-80 

8-28 

8«0     .. 

2«4 

817 

611 

788 

8-&9 

4-78 

2-87 

8-78 

490     „ 

8-89 

7  12 

6-81 

7-»2 

4  01 

4^ 

818 

4-88 

480  ,; 

8-81 

7  68 

8-88 

8-28 

481 

8-27 

8-88 

4-21 

The  extremely  interoating  reaulta^  here  UbnlafeBd  reoiOTe  all 

>  It  ti  porhapt  ■oaroely  asoMMiy  to  point  oot  tbo  infwt  aad  twhakal 
abore  teiiet  and  tbdr  gmphio  lopmoutaUuin.    Thoy  oAr  a  BMaaa  «f 
imtional  bodi  tho  ftetoty  pnetkt  in  r^|^  to  tho  tnatmoat  la 
*  mizingt'  eootaiaing  diflbiaDt  bnada  of  India  rabbv.    Thejr  dMw  hf 
tioM  whioh  biaada  may,  with  adTaatHto,  bo  eombinwl  ia  a  *  ahdag '  lo 
poMHrfag  aay  doolnd  phyiieol  ptupwUM,  aad  thoy  ahow  ooatontly 
will  not  prodaoo  a  mtMheloiy  bltad. 

In  thit  BMttar  tho  mamiftelaw  boo  00  (or  booa  gakltd  by  pfBoHod 
whioh  may  hoTO  boon  aatiotetory  in  a  nnmbv  of  coais  hat  kavoo  it  aa 
whokhtr  tho  boot  pooriblo  rMolt  boo  rmlly  boon  obtdaod.    Ia  oChor  oooi 
doabl,  tho  blooding  of  difloront  bfaado  of  iadia  nibbor  io  BMdo  a 
wUeh,  at  tho  abovo  tabloo  dwriy  ohow.  io  aaqawtioaably 
inMgbMbk,  aad  OBO  thai  mwt  ofloo  lood  to  ohoor  wooto  of  iadivkiMQy  food 

Of  oooiao  boToia  thooo  tibloa  booomo  ffHonUy  noofytd  it  wm  bo  aoooMTf  to 
tho  aamo  o«ioo  8»  oil  imporlMt  biaadi  of  iadfe  mbbor,  aad 
laiger  nngo  of  tHip«Btni«a ;  aad  it  win  Author  bo  BoooMiy  to 
fima  point  to  point  tho  noohanieol  strtagth  of  tho  tut  piooia. 
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that  the  Yuloanisation  of  india  rubber  is  a  chemical  process  resulting  in 
the  formation  of  a  polyprene  sulphide.  The  rate  at  which  the  sulphur 
enters  into  combination  with  the  india  rubber  hydrocarbon  (poljprene)  is 
characteristic  for  each  brand  of  india  rubber.  Some  of  the  above  series 
were  repeatedly  investigated,  always  with  the  same  result.  The  different 
behaviour  of  the  various  brands  is  particularly  striking  in  the  graphic 
representations,  figs.  5,  6,  and  7. 

There  arises  now,  of  course,  at  once  the  question  as  to  the  nature  of 


Vulconisation  Curve  of  Poro 
at  Different  Temperoture 
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Vio.  6. — Vulcanisation  curves  of  Pari. 
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the  process  by  which  sulphur  enters  into  combination  with  the  polyprene, 
whether  the  polyprene  sulphide  or  sulphides  formed  are  addition  or 
substitution  products.  Certainly  what  we  already  know  respecting  the 
chemical  nature  of  india  rubber  leads  us  to  infer  that  the  vulcanisation 
process  consists  essentially  in  the  formation  of  an  addition  product  of 
sulphur  and  polyprene.  This  assumption,  however,  requires  further 
support  in  view  of  the  ftwxt  that  quite  a  number  of  writers,  from  Paten  to 
most  of  the  recent  authors,  declare  that  vulcanisation  is  accompanied  by 
evolution  of  sulphuretted  hydrogen,  thereby  implying  that  the  process  is 
a  substitution,  and  not  an  addition,  process.     Indeed,  most  of  the  recent 


TUK  OHKMIKTRV   Of  UTDU   RrBBBK. 


«7 


MiUxMni  oo  tbit  tubjeoi  ftUie  Uak  in  to  m«ijr  wqnig.     W9  niBa 
hAve  to  fubjeot  UiU  puiut  to  a  oMvful  —^ttftwffi^n 

AMiiming  tbo  oonpoaiid  of  poljrpreM  and  Milphur,  whieh  todlip«tebl|j 
forms  in  th«  ▼wloaofcitioo  proo«i»  to  bt  a  mbrtitutkNi  pradool*  M  fbllovt 
witb  abioluto  oeoeMi^  tbat  for  «ttdi  S3  parU  of  sulpbtir  ^«'*«>Mr*rTf  wUk 
tbo  poljpreiM^W«mtift  obtain  54  parte  of  bjdfQfniMilpbidi^  Jfov^intlM 
procev  of  Tnloanfaatioo  m  pimotioall j  carri«d  out^  ira  obtain,  ob  ao  avwafiv 
A  product  coiiUiumg,  mj,  3*5  per  cent  of  oombiBod  Milpbur.  CbMwqiMOtJj 
tiio  YulcanisatkMi  of  one  Urn  of  tndU  rubbur,  on  tbo  abova 
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at  lira 


be  bound  to  jield  yery  nearly  60  pounds  U  hydrogen  sulphids^  or  apfvosl- 
matelj  1 8,000  litres.  Considering  tbst  in  a  number  of  faoUMies  tba  aoMNiai 
of  india  rubber  Tuloanised  dailj  largely  exoaeds  ooa  too  vaight,  wa  siioald 
expect  to  find  tbe  Tuloanidng  rooms  of  tbesa  fiMtorias  rsalcing  with  this  gM. 
As  a  matter  of  fact,  howoYer,  there  is  aoaroalj  aTor  a  tiaoe  of  tliis  gas  to  ba 
discovered  in  tha  rubber  worlu^  atmosphere  and  tha  t«7  lars  asaes  in 
which  its  presence  becomes  notlosabia  maj  alvava  ba  ouittklarBd  m  an 
indication  of  something  *  having  gone  wrong.' 

In  the  vulcanisation  of  *lianl  rubber'  goods  (ebonite^  vukanlta)  tyni 
but  distinct  traces  of  sulphuretted  hydrogen  are  gsoaial^,  P*<W*  i^v<qfi^ 
observable,  but  they  could  not  be  ascribed 
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the  oombination  of  poljprene  with  sulpluir — which  process,  if  it  consisted 
Id  the  subetitution  of  hydrogen  by  sulphur,  should  cause  a  perfectly 
torrential  evolution  of  hydrogen  sulphide,  seeing  that  *  hard  rubber  *  contains 
at  least  20  per  cent,  of  oombine<i  sulphur. 

It  is  therefore  certain  that  if  hydrogen  sulphide  forms  at  all  in  the 
▼uloanisiug  procesB,  ita  amount  is  utterly  inadequate  to  support  the  assump- 
tion that  the  process  of  vulcanisation  is  a  substitution  process. 

Laboratory  experiments  on  this  question  lead   to  exactly  the  same 
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Fio.  7.  — Valcanisatioii  curves  of  Pari,  Congo,  Boni  River,  Ceara,  Borneo,  at  135°  C 

conclusion.  If  the  experiments  are  carried  out  with  technically  pure  Par^ 
rubber  under  conditions  absolutely  precluding  the  escape  of  any  gaseous 
product  of  the  reaction,  very  minute  traces  of  hydrogen  sulphide  may  some- 
times be  observed  ;  but  in  a  considerable  number  of  carefully  devised 
experiments  with  highly  purified  Pard  rubber,  no  hydrogen  sulphide  at  all 
could  be  detected. 

If,  on  the  other  hand,  the  *  insoluble '  part  of  india  rubber  is  mixed  with 
sulphur,  and  this  mixture  subjected  to  vulcanising  temperatures — say,  about 
135°  C. — a  considerable  evolution  of  hydrogen  sulphide  takes  place  due  to 
the  formation  of  a  substitution  product  of  this  insoluble  body,  CggRggO^o, 
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mna  eonditiowi  ol  leinp6nUuro  uid  ttoM  mider  wbieh  poljpiwM 
▼nVmnintinn  piodtiet  oooteiDiog  4  per  omt  ol  mlpbor,  the  whof 
intolablo  ooottituenl  forms  a  ■ubtiitaUoo  pfoduei  oooUioiiig  U  omi* 
0*7  par  etni.  of  tulphur. 

From  iheM  ImU  wo  aro  ontiUMl  to  dimw  the  following  eooflhakNM  >» 

1.  The  mdia  rmbUr  h^drocwrbtm,  pdypmt  C)«H|^  mmhimt  viik 
ntlphur  wiihout  mnhUkm  nf  Af^^vv*"  mdpkid%,  T%$  mUeamimtiam  yroctm 
0/  iwiia  rubber  i§  therefore  am  addUum  proetm, 

1  The  HuolMe  eaiuiifutni  qf  india  rubber,  wki^h  forme  omfp  as  t». 
ei^mifUaeU  proporiiom  nf  ike  ieekmieai  prodmei  nai  emmUmg  5  pet  met  qf 
(he  takd^  eowhtmee  with  mdpkmr  under  uuUmMmg  emdiHime  of  •  werp  dem 
ntie  with  etfolution  qf  kpdrogem  mlpMde,  tmd  with  the  /ormatiom  qfm  eub- 
etituOon  yroduct. 

The  aboTo  ooiicluuYelj  MtUw  the  qaeetioo  regutliiig  Um  fnenl 
chemical  aspect  of  the  Tuloanisation  prooeaa,  but  it  ooofroots  us  with 
the  further  question  respeoUiig  the  quanUtj  of  sulphur  oombiniut  with 
india  rubber  in  this  prooess,  as  well  as  the  more  intimate  stnieittre  of  ths 
compound  thus  formed. 

The  tables  on  pages  84  and  86  Tery  distinotlj  show  thai  the  rsaotioo 
taking  place  between  poljprene  and  sulphur  leads  to  poljprooe  sniphidss 
with  an  increasing! j  Urger  proporiioo  of  sulphur,  without  at  anj  tlms  aoj 
very  distinct  break  in  the  rate  of  progression  of  the  raaotioo  being  Bolies> 
able,  which  break  might  be  interpreted  as  an  iadicatfcio  ol  tho  fDnnatioB  ol 
a  definite  compound.  Indeed,  one  might  be  tempted  to  explain  the  ^mj 
curious  irrej^ularities  in  the  Tulcanisation  cunrss  of  Pari  rubber,  as  given 
on  page  84,  in  the  above  suggested  sense,  but  on  closer  enminatkm  it  will 
be  found  that  by  cartying  out  the  Tuleanisatico  at  diflersnt  ttmpsntnrsi^ 
these  irregularities  appear  at  very  different  plsoes,  and  thorefoiw  any  bs 
taken  as  probably  indicating  a  particular  physical,  rather  than  son 
chamioal,  condition  of  the  vulcanisation  product  In  this  rshlion 
tion  may  be  drawn  to  the  tabulated  results  and  ennro  plnttingn  in 
reference  to  the  vulcanisation  of  Beni  River,  in  which  case  no  sodden  rise 
of  the  vulcanisation  coefficient,  and  ooossqnontjy  also  no  irrsgularitiss  in 
the  corresponding  curves,  are  to  be  oboanred. 

In  the  presence  of  a  very  huge  exoeoi  of  sulphur,  and  at  tempermtnras 
between  135  to  IRO*  C,  Tulcanisatlon  proceeds  at  a  stUl  mors  rapid  lals^  and 
the  amount  of  sulphur  combinhig  with  the  polyprsns  ioaneem  wionnonsly, 
leading  to  the  formation  of  products  technically  known  as  *hard  rabbsr/ 
ebonite,  or  vulcanite.  The  formation  of  thsss  produets  li  aoeompaniod  bj 
the  evolution  of  only  Teiy  small  quantities  ol  hydrogen  snIphkK  m  that 
obviously  the  compounds  fonned  are  sCiU  iwtislly  addition  prodneti. 
Even  if  it  oould  bs  shown  that  thess  vsiy  smaU  qnsntitiss  ol  hydrogen 
sulphide  were  essentially  due  tc  the  action  ol  the  sulphur  upon  the  polyprene^ 
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this  would  not  in  the  least  vitiate  my  above  stated  conception  of  the  intrinsic 
nature  of  the  vulciinisation  process,  as,  in  the  extreme  conditions  under 
which  these  highly  sulphuretted  bodies  are  produced,  substitution  of  sulphur 
for  hydrogen  is  to  be  expected  as  a  matter  of  course.  Indeed,  it  is  a  matter 
for  surprise  that  this  secondary  reaction  should  take  place  to  such  an  in- 
significant extent  only  as  appears  to  be  the  case. 

It  may  be  taken,  therefore,  that  these  products  represent  the  upper 
limit  of  the  normal  reaction  (addition)  of  polyprene  and  sulphur,  and  it  is 
a  matter  of  oonsiderable  interest  to  ascertain  the  numerical  value  of  this 
limit.  For  this  purpose  three  intimate  mixtures  of  fine  Pari  and  pure 
sulphur '  were  prepared  : — 

1.  100  grms.  technically  pure  fine  Pard, 

50     ,,     sulphur, 
VulcaniBed  :  12  hours  at  138"  C. 

2.  100  grms.  technically  pure  fine  Pard, 

75     ,,     sulphur, 
Vulcanised  :  9  hours  at  140°  C. 
b.  100  grms.  technically  pure  fine  Pari, 
100     „      sulphur. 
Vulcanised  :  8  hours  at  140°  C. 

All  three  samples  were  excellent  Hpecimens  of  ebonite,  free  from  porosity, 
and  of  remarkable  strength.  No.  1  was  comparatively  the  softest  of  the 
three.  No.  3  being  extremely  hard  without  being  brittle. 

Under  the  microscope  all  three  show  much  the  same  appearance  of  an 
almost  structureless  mass,  exhibiting  no  recognisable  differentiation  (fig.  8, 
Plate  I.). 

This  becomes  even  more  distinct  by  examining  these  specimens  in  the 
state  of  an  extremely  fine  dust  (fig.  9,  Plate  I.),  which  is  obtained  by  working 
them  with  a  file  and  passing  the  dust  thus  obtained  through  very  fine  silk 
gauze. 

On  extracting  these  products,  in  the  state  of  an  impalpably  fine  powder, 
with  acetone  or  carbon  bisulphide,  an  extract  is  obtained  consisting  chiefly 
of  sulphur  and  a  very  small  quantity  of  organic  matter.  To  completely 
extract  the  free  sulphur  contained  in  these  samples  is,  however,  a  sur- 
prisingly slow  process  requiring  several  days'  treatment  in  spite  of  the 
extremely  fine  subdivision  of  the  substance.  It  is  further  curious  that 
there  is  no  difference  in  the  rate  at  which  the  extraction  proceeds  in  using 
carbon  bisulphide  instead  of  acetone— in  fact,  the  latter,  on  the  whole,  is  the 
more  satisfactory  solvent.  I  take  this  as  proof  that  the  free  sulphur  in 
vulcanite  is  present  as  amorphous  (colloidal)  sulphur  insoluble  in  the 
solvents  for  sulphur.  Under  the  influence  of  the  boiling  solvents  a 
gradual  reversion  of  this  insoluble  amorphous  modification  into  the  soluble 
crystalline  form  takes  place,  so  that  the  rate  of  extraction  does  not  depend 
80  much  upon  the  nature  of  the  solvent  as  upon  the  rate  of  reversion  of  the 
sulphur. 

^  Precipitated  with  hydrochloric  acid  from  a  solution  of  calcium  tetrasulphide. 
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The  amount  if  <>r,  u.:  -  r  eiinici«a  is  xety  Migiii,  tfm*ttnMttf  lo 
Iflti  Uum  2  percii.;.  m  ui.  li*,    i.reeauBplaii 

The  Hunplet  were  eitneted  until  a  full  dA^r'i  fortlMr 
dtioed  DO  Appreekble  inoreaM  in  the  Muount  of  free  tulphnr 
Thej  were  then  dried*  and  the  eomhitmi  mUyhmr  in  iben 
Camus' prooeM. 

The  following  are  Ihe  resulta  obtained : — 

SMnpto     I.  iS*06  pwewt  ct mmHmtd  gmtplkmr. 
„         II.  88 11        ,.  „  „ 

M       JII-  88"64        „  „  „ 

Theae  figures  quite  satisfnctorilj  approxiniata  to  the  tbaorstieal  aammi 
of  sulphur  in  pol/prene  disulphidr,  CjeH,«S,aSS'00  per  esot  &  It  is 
rather  ourioiis  that  the  amount  of  sulphur  aaoertained  approaehea  tlia 
thetiretioal  amount  the  more  closelj,  the  shorter  the  time  the  sample  baa 
bean  heated,  and  the  larger  the  amount  of  sulphur  with  which  it  had 
been  mixed.  I  am  inclined  to  think  that  this  is  not  seeldeotal,  but  poiols 
to  the  faot  that  substitution  takes  pUce  after,  or  towards  the  end  oC  the 
addition  process.  Whether  it  is  the  india  rubber  constitneot  itself^  or  the 
insoluble  constituent,  which  is  thus  aot4xl  upon,  I  haYc  not  bsen  ahU  to 
decide.  If  tho  Tulcanisation  treatment  of  the  above  samples  ia  coosklsr* 
ablj  prolonged,  products  are  obtained  in  which  the  combined  sniphar 
gradually,  but  Tcry  slowly,  inoreaass.  Under  these  cooditjona  the  cvdotto 
of  hydrogen  sulphide  becomes  more  marked  as  time  goes  co,  but,  at  the 
same  tame,  the  Tulcanisation  products  deteriorate  rmj  rapidly  in  quality. 
Their  colour  changes  more  and  more  into  a  greyish-brown,  they  kae  their 
strength  and  hardnees,  and  become  Tery  porou%  and  finally  almost  friablsi 
ETcn  in  products  of  this  deeoription  I  only  once  obeenred  S8'18  per  csat 
of  sulphur. 

It  appears,  therefore,  that  the  sulphur  additioQ  of  india  rubbsr  baa 
rsaohed  ita  upper  limit  with  the  fonoation  of  a  polyprsDC  disulphids^ 
CioHjfSy  oontaining  32*00  per  cent,  of  sulphur.  There  most,  of  conns, 
be  a  lower  limit,  below  which  we  cannot  go  without  leaTing  aoasa  d  the 
rubber  in  the  unvuloanised  state.  What  this  limit  is  we  csnnot  aiosrtiio 
at  prssent,  as  we  posseas  no  means  for  isolating  any  of  the  tsnaa  cl  the 
series  of  sulphides  lying  within  theae  two  limits,  nor  for  separating  toy 
of  them  from  unvulcaniaed  india  rubber. 

In  view  of  the  circumstance,  however,  that  the  important  ohangs  pr^ 
duced  by  vuloanisstion  in  the  production  of  eoft  robber  goods 
first  oleariy  apparent  when  the  vulcanised  india  robber  cootaios  horn  S 
2*5  per  cent  of  sulphur,  we  may  assume  that  this  ispisatnlB  the 
limit  of  the  poesible  polyprene  Hulphidea.  Acceptii^  this  hypothesis  wo 
find,  by  a  simple  calcuktion,  that  this  corrsapooda  lo  a  cmopoood  (Cyfi^)^ 
or  CiooHiegS,  so  that  the  polypreoe  disulphide  wo  rscogoiMd  obovo  io  tho 
specimens  of  hard  rubber  would  be  O^^Ui^J^^  A  cumptmod  C^m^^gfi 
would  conUin  3*35  per  cent  of  sulphur,  and  it  is  rather  rssBarkable  that 


92  INDIA    RUBBER   AND   ITS   ANALYSIS. 

this  figure  should  oome  so  well  witliiii  the  limits  observable  in  well-cured 
rubber  goods  possessing  the  highest  degree  of  elasticity  and  distensibility 
combined  with  the  highest  degree  of  tensile  strength.  India  rubber  possess- 
ing a  higher  coefficient  of  vulcanisation  may  and  does  show  even  higher 
tensile  strength,  but  at  the  expense  of  the  other  physical  constants. 

Hbkriquss  states  that  he  observed  i>erfectly  vulcanised  specimens  of 
india  rubber  containing  less  than  1  per  cent,  of  combined  sulphtir,  but  while  I 
do  not  doubt  that  he  examined  such  specimens,  I  feel  compelled  to  controvert 
most  emphatically  the  statement  they  were  *  perfectly  vulcanised.'  He  gives 
no  data  in  relation  to  their  physical  constants  to  justify  the  acceptance  of 
his  assurance.  Throughout  my  experience  in  manufacture  and  analysis  I 
have  never  met  with  a  nibber  sample  containing  less  than  1  per  cent,  of 
combined  sulphur  which  could  have  been  described  as  perfectly  vulcanised. 
It  is,  of  course,  quite  possible  that  the  technical  effect  dcscribable  as  *  per- 
fect vulcanisation  *  does  not  bear  the  simple  quantitative  relation  to  the 
chemical  aspect  of  the  problem  which  I  tentatively  attribute  to  it.  In  this 
case  it  would  follow  that  the  lower  limit  of  the  sulphur  addition  to  india 
rubber  would  be  still  lower  than  I  hypothetically  assumed  it  to  be,  with 
the  result  that  the  above  named  molecular  weight  of  india  rubber  would 
be  still  higher.  But  even  in  this  case  it  could  only  be  a  multiple  of 
CjooHjQQ.  We  are  therefore  now  in  a  position  to  state  the  process  of 
vulcanisation  as  follows: — 

3.  27te  process  of  vulcanisation  consists  in  the  formation  of  a  eoniinuous 
teries  of  addition  products  of  polyprene  and  sulphur j  with  probably  a  poly- 
prene  sulphide  C^qq^iqo'^  as  the  lower^  and  C^qqH^^S^  as  the  upper^  limit  of 
the  series.  Physically  this  series  is  characteris&l  by  the  decrease  of  du<tensi- 
hilityt  and  the  increase  of  rigidity ^  from  the  lotcer  to  the  upper  limit.  Wliich 
term  of  the  above  series — i.e.,  which  degree  of  vulcanisation — is  produced  is  in 
every  case  only  a  function  of  temperature,  time,  and  proportion  of  sulphur 
present. 

Respecting  the  configuration  of  any  of  the  terms  of  this  series,  all  is 
surmise,  but  the  following  possibilities  exist : — 


X       H 

X        H 

Y  s 

H        X 

X        H 
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II.       1 
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X        H            H        X 
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IV.         1                        1 
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X        H       H        X 

y    Y 

Y^H       H^Y 

These  diagrams  show  only  one  of  the  ethylene  bonds  known  to  exist  in 
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tioM  L  and  U.  would  bd  poMbIa  if  ilcuiiHUioa  b 

expreH«d  bj  tbo  oompodtioo  of  a  eon  r  i«l  of 

■ulpbur— that  ii,  bj  CimHiJS.     lot)  gwiHmii 

ibown  in  tho  diagrama  III.  and  IV.,  ti  vooki  raqitiiw 

doublinfc.    Whether  anj,  and  if  ao  wh.....  o.  .  i<.<«  rvpfVMM  the 

oonstitutional  eoofiguratioo  of  india  rubber,  o:  r  inTeatigslioo  of 

the  iubjeot  oan  deeide. 

There  ia  one  fact,  well  known  to  all  rubber  manuffMturenii  vhleh  aeeoBi  lo 
auggeat  rather  itrongly  that  there  ia,  indeed,  do  definite  reloHoii  at  all 
between  the  quaotitatiTe  ohemlcal  raault  and  the  phjrieal  ^t^Vrfirtl 
of  the  Tuloanteatkni  proeeoi,  inaaniQeh  aa  the  lame  degree  of 
in  the  tame  kind  of  india  rubber  need  not  raault  in  the  fonnatioo  of  pbjii- 
oally  identioal  Toloaaiaation  produota.  In  other  wocda»  tho  Cm!  thai  two 
diflbront  ■peofanena  of  Tuleaniaed  hidia  rubber,  prodoeed  from  tho  aaoio 
brand,  eren  from  the  aame  batch  of  crude  rubber,  pneiOM  equal  amouota  of 
oombined  aulphur — <.«.,  equal  ooeffieienta  of  ▼nioaniiation — bj  no  meaoa  im* 
pliea  that  theae  two  apeoimena  alao  pooMv  tho  aamo  phjiieal  oooount^  the 
same  technical  propertiee.  It  ia  well  known  that  not  only  may  two  Mich 
apecimena  differ  very  widely  in  thia  reapeot»  but  it  maj  further  happMi  thai 
while  one  of  them  ia  a  practically  permanently  tound  product,  tho  olbor  rmj 
rapidly  deterioratea.  It  ia,  no  doubt,  owing  to  thia  fact  that  many  praeCieal 
rubber  workers  atill  refuse  to  look  upon  vulcanisation  aa  an  esosotkUj 
chemical  prooeea,  but  go  aa  far  aa  to  roundly  deny  it,  and  attempt  to  otpkin 
the  Tulcanisation  phenomena  aa  due  in  ooe  part  to  the  aotioQ  of  heat  itpoo 
india  rubber,  in  the  other  part  to  the  mere  physical  penetratloo  of  the 
india  rubber  by  the  sulphur. 

Thia  fsct  is  not  lightly  to  be  diamioMd-  indeed,  it  ia  tho  diioei  eoaao  for 
the  great  number  of  conflicting  atatomonta  put  forwaid  at  varkma  tiasoa 
by  different  writera,  it  ia  responsible  for  the  very  oonfooed  atale  of  our 
present  day  viewa  on  '  the  nature '  of  ruloanisatioo,  and  Ueo  al  tho 
of  all  the  well-reoof^nised  teohnical  diffioultiea  of  the  TuleaaiaatkHi 
Amongst  the  various  ofaoorfatioDa  bearing  upon  thia  (aot  tho  most 
important  are  aa  follows: — 

I.  Long  continued  working  between  miiing  rollon  deitrujia  tho 
resiliency  of  the  india  rubber,  rendering  it  more  and  mofo  photic,  la 
thia  state  the  india  rubber  ia  known  to  require  muoh  inore  anlphnr  for 
Tuloanising  than  if  it  ia  only  worked  sniBoieotly  Umg  to  mix  it  hoow^ 
geneously  with  the  sulphur  and  auoh  other  admix  tursa  oa  it  ia  desired  lo 
employ. 

II.  The  different  modee  of  carrying  oat  the  proeea  of  hot  Taleaniaatio^ 
even  if  performed  in  evoiy  oaoe  at  the  aamo  tompmoln%  prodaoo  V017 
diff<n«nt  rssulta  in  one  and  tho  mmo  miiing.  Tboa  it  ia  vary  woD  kaowa 
in  practice  that  the  methoda  Imown  aa  dry  heat 


94  INDIA   RUBBER   AND   ITS   ANALYSIS. 

pren  curing,  hot-water  curing,  or  curing  in  a  8ul|)liur  bath,  are  by  no 
means  interchangeable  processes  for  one  particular  mixing. 

III.  The  results  of  quick  vulcanisation  at  a  high  temperature  with  a 
large  excess  of  sulphur,  slow  vulcanisution  at  a  moderate  temperature,  or 
gradual  vulcanisation  in  a  temperature  gradually  rising  to  a  maximum  in 
the  course  of  a  very  long  time,  even  if  the  operations  be  so  conducted  as 
to  produce  in  every  case  the  same  degree  of  vulcanisation,  produce  physi- 
cally very  different  products. 

IV,  India  nibber  which  has  been  rendered  plastic  (*  killed ')  by  much 
prolonged  working,  and  exhibits  the  vulcanising  characteriHtics  described 
above  (L),  on  long  keeping  gradually  loses  these  characteristics  and  reverts 
towards  the  character  of  moderately  worked  india  rubber.  As  it  does  so, 
it  also  recovers  largely  its  former  resiliency,  and  loses  the  plasticity 
characterising  its  *  fati^ed '  condition. 

The  above  instances  comprise  the  most  important  of  the  physical  facts 
influencing  the  physical  result  of  the  vulcanisation  process,  but  the  most 
remarkable  point  is  that  none  of  them  has  the  least  influence  upon  the 
chemical  result  of  the  process,  or  upon  the  coefficient  of  vulcanisation. 
This,  as  already  stated,  is  only  dependent  upon  tlie  same  factors  which 
determine  the  rate  of  progress  of  every  chemical  reaction — temperature, 
time,  and  mass.  In  other  words,  whether  india  rubber  containing  a 
certain  amount  of  sulphur  be  only  moderately  worked,  or  whether  it  be 
overworked  (fatigued),  or  by  whichever  method  it  be  vulcanised,  as  long 
as  the  time  and  temperature  of  vulcanisation  are  the  same,  the  chemical 
result,  the  coefficient  of  vulcanisation,  is  in  every  case  also  the  same, 
though  the  physical  results  may,  and  do  differ,  often  very  widely.  Thus, 
in  order  to  produce  a  vulcanisation  product  containinj^  3  per  cent,  of 
combined  sulphur  in  a  fatigued  rubber  mixing  requires,  as  a  matter  of 
fact,  no  more  sulphur  than  what  will  produce  the  same  result  in  the  same, 
but  only  moderately  worked,  mixing.  But,  in  order  to  obtain  the  same 
physical  vulcanisation  result  in  the  first  as  in  the  second  case,  a  much 
hij;her  coefficient  of  vulcanisation,  and  therefore  correspondingly  more 
sulphur,  is  needed. 

The  clear  recognition  of  these  facts  is  a  matter  of  the  highest  scientific 
and  technical  importance.  It  enables  us  at  once  to  co-ordinate  and  reduce 
to  order  the  whole  of  the  chaotic  jumble  of  empirical  facts  in  relation  to 
vulcanisation  which  up  to  now  surround  the  practice  of  the  process  with 
quite  a  mystic  halo.  'Vhe  above  instanced  relations  between  the  chemical 
and  the  physical  effects  of  vulcanisation  demonstrate  in  the  most 
unmistakable  manner  that  the  process  of  vulcanisation — ».e.,  the  process  of 
the  combination  of  sulphur  with  polyprene— cis  a  chemical  reaction,  proceeds 
independently  of  the  ph3rsical  condition  or  configuration  of  the  india 
rubber  colloid,  but  the  physical  constants  of  the  vulcanisation  product 
depend  to  a  large  extent  upon  the  particular  physical  state  of  the  india 
ruV>ber  colloid  induced  by  the  conditions  under  which  vulcanisation  was 
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eaiTiod  out.     The  ToloMijaof  prooo^p  u  mertion  a  uktum  bj  vhidl  «• 
are  in  A  poMtkm  to  ptrptloftto  tmj  phjilod  mmU  lo  vUeh  llM  faidk 
ooUoid  mmj  be  brooght  withio  tbt  oondiHoai  raqoirBd  for  Um 
of  lulphur  and  poljprene.    Or,  loiiievhAi  won  bcMj  :— 

4.  i4«  a  chrmital  rvaeiiom  iks  wttleanimHom  fvomm  it  mot  n 
jphymealtlaUi^tktimiianMmtoUM:  builh§  pk^tiad  tUtIt t/ iht imdim 
rubbtr  roUM^  whiU  tmim  tmiamimHam,  largtty  diiwmimm  tk§pkpdml«m^ 
tianh  of  th$  milemdHttUm  prodmti. 

This  brief  ■eDteiioe  eoutoint  tbe  ipbnetton  for  the  ofteo  e|i|MfiBtly 
■o  utterlj  emtio  and   uiwooountable  bebaTkmr  ci  iodk  robber 
\  uloanlsatioii,  m  judged  by  the  rulcaniiaiioo  produel^ 

A  meet  striking  iUuatmtion  of  the  eorreetoen  of  tho  above 
ia  furnished  by  the  liehariour  of  reoo?ered  faidia  robber.  In  tlit 
OD  India  rubber  substitutes  I  have  poiuted  out  thai  there  is  00  reeovered 
roblier  which  oould  be  deeoribed  as  '  derolosnised '  faidk  robber,  thai  aO 
tbe  reooveiy  prooesses  can  aim  at  and  aohiove  b  the  rostltotkNi  of  mors  vr 
leas  perfect  plasticity  in  the  once  rulcanised  tndia  rubber  eoUoid.  I  bave 
further  pointed  out  that  there  is  no  necessity  whaierer  to  aim  at  the  do- 
▼uloanisation  of  the  iudia  rubber,  that  this  needless  aim  was  doe  to  an 
altogether  erroneous  conception  of  the  nature  of  the  india  rubber  eoUoUl, 
and  of  the  process  of  Tulcanisation.  It  is  tbe  prsseooe  of  free  ethjieno 
bonds  in  the  india  nibber  which  renders  Tuloanisatloo  possible^  and  as  in 
all  soft  rubber  goods  only  one  or  two  at  most  out  of  thirty  ethylene  bonds' 
can  be  occupied  by  sulphur,  it  is  obvious  that  reooversd  soft  robber  most  bt 
capable  of  re  vulcanisation,  or,  rather,  of  repeated  Tulcanisation.  This  is  ersn 
true  of  ground  soft  vulcanised  rubber,  but  in  this  oass^  fully  ia  aeoordanes 
with  the  above  statement  (4),  as  the  physical  state  of  the  robbor  in  thk 
case  is  tluit  of  a  more  or  less  dry  oohesionless  powder,  revulcantaafion,  the 
actual  taking  pUce  of  which  can  easily  be  proved  analytically,  cannot 
produce  a  coherent  solid  unless  the  vulcanisation  conditions  be  sneh  as  to 
produce  a  fusing  of  the  powder,  and  therefore  a  cementation  of  its  grains 
into  one  plastic  mass.  In  the  Utter  case  this  pfawtio  cooditioo  b  Uien  tho 
physical  state  hi  which  vulcanisation  takes  place,  which  in  this  oses,  tbsv»> 
fore,  resulu  in  the  formation  of  a  coherent  solid.  This  is  clearly  the  lenson 
why  the  employment  of '  rubber  dust  *  in  the  manufactnrs  of  ebonitn  yields 
such  surprisingly  good  results,  as  Uie  much  higher  vnleanisatioQ 
tures  applicable  in  this  case  are  eo  much  more  fhvonrable  to  the 
of  a  continuous  rubber  plasma  by  cementation  dne  to  fusion. 

Now,  in  the  manufacture  of  reooversd  robber  the  obfeet  to  be  aimed  at 
is  not  simply  to  leave  this  ceoMntation  to  oeoor  at  tbe  vnleadsnlto 
temfierature  as  best  it  may,  but  to  prsdeteraUne  H  This  is  the  tmnm 
why  fixed  solvents,  notably  minenU  oils,  must  be  present  in  every  rs- 
vuloanisable  recovered  robber.    The  effeot  of  thess  fixed  solveirts  Is  In 

>  TlMtnith  of  this  slstmMat,ss  will  isMHlyhs  mm,  k  Islnisrlit  sf  tbs  ^psrtli 
of  ihs  molccnUr  wsight  of  iadis  niblMr. 


96  INDIA   RUBBER. AND   ITS   ANALYSIS. 

produce  at  yerj  moderate  temperatures  continuous,  and  more  or  less 
alreadj  homogeneous,  rubber  plasmata.  In  this  physical  state,  vulcanisation 
supervening,  the  result  is  a  oohereut,  continuous  solid  which  in  many  cases 
is  indistinguishable  from  similar  products  made  from  new  rubber.  The 
▼uloanised  product  will  be  found  the  more  satisfactory,  the  more  easily  the 
reooTered  rubber  used  reassumes,  at  vulcanisation  temperatures,  the  state 
of  a  continuous  plnstic  colloid.  If  we  take  any  brand  of  recovered  rubber 
and  free  it  from  its  oil  by  extnujtion  with  acetone,  it  forms,  after  drying, 
an  inelastic,  almost  friable  mass.  If  we  mix  this  with  sulphur  and  attempt 
to  vulcanise  it,  the  result  is  invariably  disajipointing.  That  vulcanisation 
has  taken  place,  analysis  of  the  product  will  readily  show ;  but  the  oily 
solvent  having  been  abstracted,  the  particles  of  vulcanised  india  rubber 
were  unable  to  assume  the  physical  condition  necessary,  in  accordance 
with  the  above  foiirth  proposition,  to  ensure  a  physically  satisfactory 
vulcanisation  product 

For  theoretical  reasons  I  am  inclined  to  think  that  this  proposition  (4) 
applies,  not  only  to  the  vulcanisation  process  of  india  rubber,  but,  mutatis 
mutandis^  to  all  derivatives  of  all  colloidal  substtinces,  the  formation  of 
which  does  not  involve  the  cessation  of  their  colloidal  state,  or  an  essential 
alteration  of  their  ultimate  structure  or  constitution. 

On  page  32  I  have  already  stated  that  polyprene  tetrabromide  is  gen- 
erally obtained  as  a  body  forming  a  colloidal  solution  in  chloroform,  but 
insoluble  in  benzene  and  all  other  solvents;  that  in  one  case  a  product 
insoluble  even  in  chlorofoim  was  obtained;  in  another  case,  however,  a 
product,  not  only  soluble  in  chloroform,  but  also  freely  soluble  in  benzene, 
resulted.  The  chemical  composition  of  these  compounds  was  exactly  the 
same  in  every  case,  so  that  these  physical  differences  are  very  difficult  to 
account  for.  But  I  think,  that  there  is  little  doubt  that  they  will  find 
their  explanation  in  the  generalisation  expressed  in  the  above  fourth 
proposition. 

Of  course  it  is  quite  possible  that  there  may  be  found  eventually  a 
concurrent  chemical  explanation.  It  is  well  known  that  variations  of 
temperature  have  a  determining  influence  upon  the  formation  of  isomeric 
substitution  derivativea  Scores  of  examples  of  this  influence  may  be 
found  amongst  the  isomeric  halogen  and  nitro  derivatives  of  all  the 
aromatic  hydrocarbons.  The  cases  are  comparatively  rare  of  such  an 
influence  of  different  physical  c<mditions  upon  substitution  products,  but  a 
certain  number  of  such  cases  have  been  observed.  Considering  the  large 
number  of  ethylene  bonds  in  the  polyprene  molecule,  it  is  highly  probable 
that,  under  varying  physical  conditions,  the  sulphur  addition  characterising 
the  vulcanisation  process  might  take  effect  in  different  places  of  the  poly- 
prene molecule,  leading  thereby  to  the  formation  of  isomeric  polyprene 
sulphides.  But  it  has  yet  to  be  proved  that  in  such  enormous  molecular 
»ggreg»tes  isomerism  of  this  order  tangibly  affects  the  physical  properties 
of  the  compounds.     The  fact  that,  in  spite  of  numerous  attempts,  not  the 
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lUghtMit  eridMiM  hM  bMO  obteiaid  Ihrt  IIm  PM  poljpMM 
the  poljpfviie  ol  auj  of  tb«  olh«r  DttmaroiM  bnuidi  of  iadte  nibbir 
poioto  this  waj,  m  Om  giwl  tMhoiod  diflbiMM  btlvwo  IImb  mmm 
undenlood  on  aoj  othar  MmsplkMi.  FartlMr  isfwUfMloB  ol  lUt 
porUiit  point  is  urgmiUjr  raquirwl,  but  it  vUl  bt  DOtieed  tbit  IW 
of  Much  iuvoni^akm  oould  not  Affoot  our  Abof«  fooftli 
peculiar  differeooee  between  the  poljprone  tetf»broaiidei^  ebove 
noi  being  eepeble  of  explanation  on  the  eoppoaition  ol  leoaerink 

VuloaniMtion   with  chloride  of  enlpbar  in   the  eold  ofci  «i 
parallel  to  TulcaniaUkm  with  lulphur  at  higher  teMpwrnlme^    la 
veitigation  of  this  nibjeot  ^  I  showed,  eome  jean  ago,  that 
with  ohloride  of  lulphur  is  an  addition  proesss.    The  aeHoo  of 
iDOOoohloride  upon  unaaturated  hjdrooarboos  was  maoj  jraaiv  ago 
united  by  Quthbii,'  who  obtained  the  additioo  pfodnecs  ethjrieoe 
Mulphide  (C,IlJAa,  and  aroylene  ehknnsolphide  (CfiM^fiir 
chloriMiulphides  are  sattirated  substances,  and,  aoooiding  to 
would  have  the  constttutioD, 


the 


aafai. 


eJ}-s 

H/J-0! 


oh/T 

0H»HC-4I 
CIK.HC— 8 


o-SMiunin^  tho  »   .n   ■  r   inoiiochiorHie  to  be  CI     8     8     CL 

More  recoiit  inv.    i.^i       ..  >.  t^^ml  to  show  that  the  uuiMyiiltioy 

uf  Kulphur  monochloride  must  '  hy  the  formula   Clf«8:&' 

GuTuais's addition  products  woulw  im«u  i--  vf^^  formulated  thus: — 


Efi-Oi 


^ 


>8:8 


CH 


CHg 
CH,. 


>r^ 


HCv 
>8:8 

CH/^ 


«  On  th«  VolmaiMtioii  of  India  Habbw."  Jmm,  Sm.  Ckmm,  hA,  18M. 
^Mii,  CSUat.,  lis.  270. 

HESiUQr»,*  by  the  Mstioa  oTnlphnr  ■oaoddoiUt  epoe  f-saphlhal,  sMrfaid  iW 
following  bodi««:— 

HO.C,*IU-S-<VH^OH         dloKyHllaH»h^l^P>««ds»    •  MP.  «I*C. 

HO.C.H«-S-S-C,»H^OH    dioiy<iiaH>btyl.<liialphidi^        .    M.P.  I«ra 

8:S.C,*IIeOH  ^ithUwIioEy  dlm|At»t  AaltJifcl..  y.F.  lira 

8:&C,,H,.0H 

Ths  ftnt  of  th«M  iM  the  chief  prwtnet  of  the  nMOon.  eao  i«»  co»uto«a-    ttm^ 
thatthofonmUaofialtihorBwaochleridetit>bsM|iiiit>y8;aq»sadai» 

•  Ar.,  oTiL  ^  sm. 
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The  difference  for  our  purposes  is  rather  insignificant,  the  main  fact 
remaining  that  this  addition  process  results  in  the  formation  of  saturated 
oompounds. 

Assuming  that  the  above  compounds  are  typical  of  the  interaction  of 
sulphur  monochloride  with  doubly  linked  carbon  atoms,  we  are  justified  in 
assuming  that  the  action  of  sulphur  monochloride  upon  polyprcne  proceeds 
OQ  analogous  lines.  But  the  reaction  between  these  two  substtinces  is  so 
violent^  that  comparatively  dilute  solutions  should  be  employed,  and  it  is 
also  necessary  to  take  care  that  only  india  rubber  previously  freed  from 
its  insoluble  constituent  in  the  manner  described  on  page  7  is  used. 

The  benzene  serving  as  a  solvent  in  these  investigations  should  be 
deprived  of  every  trace  of  moisture  by  distillation  over  metallic  sodium. 
These  precautions  are  necessary,  as  solutions  of  sulphur  monochloride  are 
very  rapidly  decomposed  by  moist  solvents,  and  also  because  the  action  of 
sulphur  monochloride  upon  the  insoluble  constituent  of  india  rubber  gives 
rise  to  the  formation  of  by-products,  which,  if  not  recognised  as  such,  would 
almost  certainly  vitiate  our  conclusions. 

If,  observing  the  above  precautions,  we  prepare  a  5  per  cent,  solution  of 
india  rubber  in  benzene  and  add  to  it  an  excess  of  sulphur  monochloride 
also  dissolved  in  benzene,  the  temperature  rapidly  rises,  and  within  a  few 
seconds  the  solution  is  transformed  into  a  firm,  very  transparent  jelly. 
The  reaction  is  not  accompanied  by  evolution  of  hydrochloric  acid.  The 
product  is  allowed  to  stand  for  about  twenty  minutes ;  it  is  then  placed  in 
a  bag  of  fine  but  strong  muslin,  immersed  in  pure  benzene,  and  the  jelly 
squeezed  through  the  meshes  of  the  fabric.  This  is  not  a  particularly 
agreeable  operation,  but  as  the  product  is  absolutely  insoluble  in  all  sol- 
vents, it  is  the  only  means  of  reducing  it  to  a  satisfactory  condition  for 
further  purification.  It  is  now  obtained  in  the  state  of  a  mass  of  extremely 
fine  flakes,  which  are  washed  with  benzene  until  every  trace  of  the  excess 
of  sulphur  monochloride  has  disappeared.  After  this  it  is  filtered,  pressed 
between  filter  paper,  without  previous  drying  transferred   to  a   Soxhlet 

by  CI — S— S — CI.  The  same  observation  applies  to  the  third  of  these  substances.  The 
constitution  of  the  second  body  at  first  sight  appears  to  suggest  a  reaction,  which  could 
only  be  satisfactorily  expressed  by  the  adoption  of  the  symmetrical  formula  for  sulphur 
monochloride.  Bnt  it  will  readily  be  seen  that  the  third  compound,  by  elimination  of 
sulphur,  must  form  the  second  of  these  bodies.  The  evidence  of  this  investigation  is 
therefore  strongly  in  favour  or  the  asymmetrical  formula  for  sulphur  monochloride. 

The  observations  recently  made  by  Lippmann  and  Pollak  *  on  the  action  of  sulphur 
monochloride  upon  anthracene  lead  to  the  same  conclusion.  The  product  of  this  reaction, 
anthracene  di-thiochloride,  appears  to  possess  the  constitution, 

CL 
>S:8 

/C<; 

^•"<CH>-^* 
which  also  sapporta  the  asymmetrical  formula  of  sulpliur  monochloride. 

*  Ber.f  zzxiv.  p.  2767. 
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•xtraoior,  tad  nineUd  with  aMtoiM  oatll 
log  eutifdlj  of  titlpbiir  hM  dinppMrod. 
Umpenituro. 

The  6ri9d  prodoet  b  obtained  in  Um  form  of  Ana 
which  are  very  friable.  The  aobaUnea  ia  Inaoluble  in  all  aolventa* 
ooal  Ur  bjrdrGMDarbooa,  ehloroform,  earbon  biaolphidi^ 
and  etbeieal  oik  oauae  it  to  baooma  tnnapaNBl  and  lo  awall  Mom  % 
oonaiderably.  On  haating  il  lo  tampantiiiaa  abova  IKT  GL 
maaitjlene,  euroene,  eTmaaa,  or  nltrobaoaao%  aolntkHV 
evolution  of  hjdroohloric  acid,  takea  plnoa^  tbe  prodnel 
In  the  dry  state  this  deoonpoeition  alrsadj  begtna  at  80*  CL 

.    On  suspending  this  prodoei  in  carbon  bisulphide,  and  traaUng  H 
a  solution  of  bromine  in  tbe  same  80lv6Ot»  no  abaorpcioo  ol 
place.    Tbe  product  behavea,  tharsfora^  aa  a  saturated 

On  analjais  it  gave  the  following  fignm : — 


boiilM 


witb 


witb 


I. 

IL 

^cmSk 

c.      . 

48*61 

49ftl 

u-n 

H.       . 

a-si 

614 

ita 

8. 

S8^ 

SS-81 

it-tt 

CI.            .       . 

J6-97 

Mil 

Mlt 

Tbeee  figurea  prove  oonolusivelj  that — 

5.  The  product  of  the  itUeraetwn  of  jtotyjprmm  and  miipkmr 
rmUts  Ml  the  /crmaiion  of  an  addition  prodmd  of  tkeee  two 
poeteming  the  empirical  formula  (\fi^^iifil^ 

The  composition  of  this  polyprene  chlorosulphide  is  nol 
preparing  it  in  the  presence  of  an  excem.of  sulphur 
varying  amount     In  decreasing  the  proportion  of  chloride  of  anlphnr, 
reaction  proceeds  much  aa  before,  the  time  within  whioh  tha 
tbe  reaction,  indicated  by  the  mixed  solutions  beenming  fin* 
gelatinoua,  lengthens  quite  inappreciably  even  when  eo  low  a  psnportioa 
5  parts  of  sulphur  monochloride  to  100  parte  d  po^yprmia  la 
the  time  in  which   the  jellies   formed  rsach  their  leapaotifw 
stiiftiem  gradually  inoreaaea  aa  the  proportion  of  ohlorkle  ol 
grows  less. 

Provided  the  strength  of  the  polyprene  aolutko  and  that  ol  tbe 
monochloride  remaina  constant — say,    ft    per  cant,   in 
length  of  time  that  eUpaea  before  tbe  Arsl  annaamnea  ol 
(pectiniaing)  in  tbe  rsaoting  mixturss  varisa 
minutes  between  tbe  limito  of  120  and  6  parts  of 
chloride  reaotfaig  npon  100  parte  of  polyprene. 

With  increasing  dilution  tbe  rate  ai  which  tbe 
sUokena  oonaidarably,  though  tbe  final  rsanlt 
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If  the  oonoentration  of  the  polyprene  solution  falls  to  06  per  cent,  even  an 
eioesB  of  sulphur  raonoohloride  will  only  produce  a  peculiar  *  stringy '  jelly. 
Polyprene  solutions  of  0*25  per  cent,  strength  remain  apparently  unaltered  ; 
whether  in  this  oase  also  polyprene  ohlorosulphide  is  formed  or  not,  I  have 
not  yet  been  able  to  ascertain. 

The  action  of  sulphur  monochloride  upon  the  insoluble  constituent  of 
india  rubber  is  distinct,  but  not  characterised  by  the  formation  of  any 
tangible  compound.  It  should,  however,  be  mentioned  that  it  is  accom- 
panied by  a  very  marked  evolution  of  hydrochloric  acid. 

It  has  already  been  stated  that  the  compound  C^oHj^S^Ol,,  the  product 
formed  by  the  addition  of  132  parts  of  polyprene  and  135  parts  of  sulphur 
monochloride,  forms  a  brittle,  friable  mass.  As  we  reduce  the  proportion 
of  the  latter,  the  products  formed  lose  their  friability ;  they  become  tougher, 
merging  by  gradual,  imperceptible  degrees  into  more  and  more  resilient 
and  distensible  masses.  Characteristic  of  the  whole  series  of  products 
thus  obtainable  is  the  fact  that  they  all  contain  sulphur  and  chlorine  in 
eiactly  equimolecular  proportions.  In  other  words,  they  are  all  addition 
products  of  i>olyprene  and  sulphur  monochloride.  They  also  all  appear  to 
be  perfectly  homogeneous  products,  but  it  is  obvious  that  whether  this 
homogeneity  is  not  apparent  rather  than  real  must  be  decided  by  special 
experiment. 

For  this  purpose*  5  grms.  of  pure  Pari  rubber  were  dissolved  in  1000 
c.c.  of  pure  benzene,  and  5*1  grms.  of  sulphur  monochloride  were  added. 
In  consequence  of  the  great  dilution,  the  reaction  proceeded  but  slowly. 
As  soon  as  the  solution  had  assumed  the  condition  of  a  semi-liquid  stringy 
jelly,  it  was  divided  into  two  parts,  the  first  of  which  was  proceeded  with 
in  the  above  described  manner.  To  the  second  part  a  solution  of  20  grms. 
of  ParA  in  200  grms.  of  benzene  was  added,  and  the  whole  vigorously 
stirred,  when  it  assumed  almost  the  condition  of  an  ordinary  rubber 
solution.  This  solution  was  poured  into  absolute  alcohol,  when  a 
voluminous,  somewhat  stringy  precipitate  was  obtained.  This  was  filtered 
off,  the  filter  residue  washed,  and  finally  dried  in  vacuo. 

The  product  of  the  first  j)ortion  was,  on  analysis,  at  once  found  to  be 
identical  with  our  polyprene  ohlorosulphide  CioHigSgClj.  The  dry  second 
product  formed  a  rather  elastic,  somewhat  tacky  mass,  which,  on  analysis, 
was  found  to  contain  4*88  per  cent,  of  sulphur  and  5*32  per  cent,  of 
chlorine.  It  contained,  therefore,  sulphur  and  chlorine  in  equimolecular 
proportions,  and  was,  in  this  respect,  indistinguishable  from  the  product 
obtainable  by  adding  to  a  solution  of  100  grms.  of  Pard  11*42  grms.  of 
sulphur  monochloride. 

If  now  we  treat  this  substance  with  benzene,  we  obtain,  in  the  course  of 
a  few  days'  standing,  interrupted  by  frequent  shaking,  a  slightly  turbid 
solution,  which,  after  considerable  dilution,  may  be  filtered  through  fine 

'  This  ia  practically  a  repetition,  quite  recently  made,  of  the  ezi>eriment  described  in 
my  paper  already  alluded  to  in  Joum.  Chem.  Soc.,  1894. 
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ounbrio  on  a  boi-wat«r  fuoMl.  A  6m  el«ir  ftltmU  b  Unas  rMihtrt  Or 
the  ftlt«r  roduuiM  a  ftnelj  dittfibutod  ranidiM^  vlikb,  aA«r  rapMltd  vmUi^ 
with  warm  booaaiM,  wm  dried.  U  wm  Umt  obtaioad  aa  a  whUUk  mm- 
oobaraot  maai,  whieh,  oo  analjiii,  waa  found  to  eootain  M'46  par  mUL  al 
■ulphur  and  20*62  par  oaot  of  ehlorina.  Thia  aubstanea  waa  thwilan 
unqueatiooaUj  our  ehloroMUphkb  C,«H|^/:i^  It  folbva.  tbanioi%  tba 
tho  aubatanoa  oontaining  4*88  par  eant.  of  aulpbur  and  5*32  par  mat  of 
ohloriiie,  out  of  which  it  waa  obtainad,  waa  aimplj  a  misturD  of  thia  ahkaO' 
aulpbide  and  froe  inUia  nibbar. 

But  if  we  now  take  the  aubatanoa  obtained  bj  the  dinel 
of  100  gnna.  of  I*ar4  and  11*42  gnna.  of  BuJphur 
ohemioal  eonatante  of  whioh  are  exactly  the  nma,  and  treat  it  with 
banaeoe^  wa  find  that  although  the  produoi  awalla  oooridarably,  noi  a 
tnuM  of  India  rubber  paeeee  Into  eolutioo;  ao  that»  whila  tUa  prodnel 
maj  or  may  not  be  a  homogeneoua  aubetanoe,  it  certainlj  doai  not  eon- 
tain  any  unvulcanised  india  rubber.  Ita  elaatldty  it  much 
that  of  the  above  descrilwd  mixture,  and  ita  atiekineH  rery 
marked. 

But  if  a  product  wiin  only  11*42  gnns.  of  sulphur  moDOcbionde  pfo 
100  grma.  of  polyprene  doce  not  contain  any  froe  polyprene^  it  ia  qoita 
obyioua  that  between  this  product  and  the  product  Cj^HigS^Cl,  there  moal 
exist  a  whole  seriea  of  intermediate  chloroeulphidei^  and  that,  in  realty,  the 
compound  C,oH,0S,Cl,  repreaenta  simply  the  upper  limit  of  thia  series 
exactly  oorreaponding  to  the  upper  limit,  Ci^Hj^Bp  In  the  polypme 
sulphide  seriea. 

In  my  paper,  already  quoted,  on  the  rulcaniaatioo  of  india  rubber  with 
sulphur  monochloride  I  bare  shown  that  a  produot  oontalninf  4*26  par 
ocut.  of  sulphur  and  471  per  cent,  of  chlorine— or,  say,  9  par  cant,  of 
S,C1,  —  and  therefore  closely  approximating  in  its  composition  to  the 
■tatiatical  fdrmuU  (C,oH,e)i^Cl^  or  CmoHj^CI,  doea  noi  oontnin  any 
unoombined  polyprene ;  and  from  thb  fact  I  drew  the  eoDclosfaD  thai  tW 
polyprene  molecule  could  not  be  less  tlian  C^^H,^  and  that  it  might 
be  found  to  be  still  higher. 

Whether  this  body,  C,o»H,  jS^Cly  ia  really  a  homogaoaooi  oo 
renudna  to  be  proved,  but  for  the  purpoae  of  our  argument  the  qnastion  ia 
oomparatively  irrelerant.  The  more  Caot»  demonatratad  by  aaperiment»  that 
thia  body  oontalna  no  free  polyprene  ia  in  ItMlf  au6kieol  proof  that  ili 
molecule  cannot  be  axpreosed  by  any  smaller  formula  than  V^^JEL^gfifiif, 
But  the  existenoe  of  such  a  body  ia  entirely  aiiflioiant  to  dmw  the  foOowinf 
oonolusion: — 

6.  Thtproem$  qf  vtiktmitaHm  wiiA  mfykmt  mtamorhimid§  «mtiii§  <a  ikt 
/ormaHtm  qf  a  eonfiaaows  sfriei  </  oddiHom  proirndt  qffJff^rmm  i 
momchhridt,  %eia  a  papprem  ekiotomtipkiit  C^^O^  m  tkt 
a  eomptmmi  Cm^J^tdt  a$  ffte  foMr  UmM^  m  far  m  ^ 
iainBif,  of  ike  mrieM.     Phwiralh  /Am  a^risi  4§  (Amtmeimrimi  ly  tk$ 
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qf  dittentibiiity  and  the  inereate  qf  rigidity  /rotn  Vie  lower  to  the  upper 
limU, 

It  will  be  seen  that  this  oonclusion  is  a  perfect  parallel  to  the  third  of 
our  ooDolusions  arrived  at  respectiDg  the  process  of  vulcanisation  with 
sulphur. 

The  difficulty  of  locating  the  lower  limit  of  the  chlorosniphide  series 
with  a  more  satisfactory  degree  of  accuracy  appears  to  be  rather  physical 
than  chemical,  as  will  be  seen  from  the  following  experiment. 

Nine  grms  of  pure  Pari  were  dissolved  in  200  c.c.  of  absolutely  dry 
beniene.  To  this  solution  was  added  0*144  gruL  (  =  1  *G  %)  of  IS^Cl  dissolved 
in  10  c.a  of  carbon  bisulphide.  The  whole  was  violently  agitated  and 
allowed  to  stand  for  twelve  hours  in  a  dry  atmosphere.  At  the  end  of 
this  time  the  mass  formed  a  stringy  jelly,  which  could  only  with  difficulty 
be  distributed  in  1000  c.c.  of  benzene.  Part  of  this  jelly  passed  into 
solution,  the  rest  remained  suspended  in  the  solvent  as  an  exceedingly  tender 
colloidal  sponge.  The  solution  was  separated  by  decantation  from  the  latter, 
which  was  further  treated  with  benzene.  In  attempting  to  repeat  this  opera- 
tion until  this  sponge,  the  supposed  lowest  member  of  the  above  named  chloro 
sulphide  series,  yielded  no  more  india  rubber  to  the  solvent,  it  was  found  that  this 
colloidal  sponge  gradually  dissolved,  and  eventually  altogether  disappeared. 
It  was  then  found  that  already  the  first  treatment  of  the  jelly  with  benzene 
yielded  a  solution  containing  combined  chlorine  and  sulphur  very  nearly 
in  the  proportions  in  which  these,  in  the  form  of  S.^Cl2,  had  been  added  to 
the  india  rubber.  Further,  on  carrying  the  washing  process  with  benzene 
just  short  of  the  complete  solution  of  the  above  mentioned  colloidal  sponge, 
removing  the  latter  as  carefully  as  possible  from  the  surrounding  solution, 
and  coagulating  it  by  means  of  absolute  alcohol,  the  india  rubber  colloid 
thus  obtained  contained  only  mere  traces  of  sulphur  and  chlorine.  We 
would  have  to  assume,  therefore,  either  that  the  jelly  prepared  as  stated 
contained  no  free  india  rubber,  and  that  the  chlorosulphide  it  represents  is 
soluble  in  benzene,  or  that  the  lowest  possible  chlorosulphide  of  polyprene 
is  soluble  in  rubber  solutions.  Of  these  two  conclusions  I  prefer  the  last 
one,  as  we  have  no  tangible  evidence  on  which  to  adopt  the  former,  whereas 
the  latter  is  not  only  feasible,  but  is,  indeed,  only  what  we  should  expect 
when  forming  within  colloidal  solutions  bodies  normally  insoluble.^ 

The  solvent  action  of  colloidal  solutions  upon  insoluble  colloids  depends, 
however,  very  much  upon  the  concentration  of  the  former,  and  ceases 
below  a  certain  point.  What  tliat  point  is  appears  to  depend  largely  upon 
the  degree  of  constitutional  similarity  subsisting  between  the  two  colloids,  so 
that  the  greater  this  similarity,  the  lower  the  concentration  of  the  soluble 
colloid'  necessary  to  keep  the  insoluble  colloid^  in  solution.     I  therefore 

'  LoBRT  DS  Brutn's  observatloiu  on  the  result  of  the  formation  of  ordinarily  in- 
aolnble  bodies  in  colloidal  solutions  of  gelatine  are  a  case  in  point     See  page  77. 
'  India  rubber,  polyprene,  in  this  < 
'  Polyprene  chlorosulphide  in  this 
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ooderiook  a  wri«  of  oxperinMots  with  Um  view  oC  mo< 
M  pcMHible  the  qiuutiuuivo  eooditioM  nndar  vbieb  •  poijpity  ebloiO' 
■ulphida  it  obUOiMd  whioh  ■boald  bo  juii  inaolobU  is  bmmmm  or  uj  of 
Um  other  india  rubber  ooItooU. 

From  the  remit  of  the  optioal  ioToetifUioii  o(  poljrpreoeb  QlAomwn  eod 
HiBBCvr,  in  their  repeetedlj  quoted  |»per,  arrived  at  the  nnnniiMJuii  thai 
the  eoMlleet  po«iblo  fommla  of  india  rubber  had  lo  In  eiiHMud  m  (\fi^ 
Thie  formula,  indeed,  agreee  very  well  with  the  oompodtloa  of  quite  a  uumher 
of  the  deriTmUvee  of  poljproiie  deeoribed  in  the  foregoing  pagea  But  in  the 
OMO  ol  poljpreDe  iodide  we  were  aireadjr  oompelled  to  double  lt»  and  the 
etittenoe  of  a  eUoroeulphide  with  onlj  9  per  eent.  of  8/9,  rendered  it 
neoeenry  to  quhitupio  it.  It  should,  however,  be  borne  in  miod  that  the 
proof  of  the  homogeneoua  nature  of  tbie  ohloroeulphide  ie  wantioi^  ao  thai 
all  it  provee  ie  that  the  reacting  unit  of  poljpreoe  eannol  be  leee  thaa 
(CioHiJj-CmUm;  it  leaves  it  unoertahi  whether  it  ie  not  perhapi  C^U^ 
or  some  higher  multiple  of  C,o^^ie*  ^^  ^^  reeeon  I  undertook  the  pre- 
paration of  a  eeries  of  ohlorosulphides  of  the  genend  fonnuk  (Cj^Hj^iJS/S, 
rising  from  the  above  deeortbed  ohloroeulphide  (CJSL^^^fiJC^  in  ineraoMOli 
of  (C]o^i«)s "  ^^n*  ^^  ^®  ezperimenta  were  oarried  out  with  a  S  per 
oeut  eolation  of  very  pure  polypreue  in  benieoe,  to  whieh  the  eulphur 
monoohloride  was  added,  the  whole  of  the  oaloulated  quantity  at  onoi^  in 
the  form  of  a  solution  in  carbon  bisulphide  containing  OOl  grm.  Sfil^  in 
1  ca  In  every  case  the  mixture  was  left  standing  for  twelve  houni  the 
gelatinoua  ohloroeulphide  vigorously  stirred  up  in  1000  eie.  of 
and  allowed  to  stand  for  twelve  hours  with  the  colloidal  eponge 
in  it,  the  mass  being  from  time  to  time  vigorously  agitated.  Pari  of  the 
bensene  solution  wss  then  filU*rcd  off  and  shaken  up  with  three  tiuMS  He 
volume  of  absolute  alcohol,  so  as  to  precipitate  every  trace  of  polyprene 
present* 

The  result  of  this  series  of  expenmenis  is  giToii  m  the  loilowing  tahie^ 
embodying,  of  oouree,  only  that  part  of  the  eeriee  approaehlng  la  either 
direction  the  critical  point : — 


IststiitiMaOompositioB. 

FM.iH*8da» 

C..IW8A 

91)8 

C^mt^a, 

in 

Tfii  lieia  iif  |jii»fM  ie  wllisa 

4-81 
8-W 

r^iafbotditiiMii  |iiiil|itHi 

(WWSi^ 

I-«7 

^?a 

8-49 
8-90 

Y«TiMtod.itttagy|i  il|liHi 
OociBni  ensbUsIa 

Theee  experiroenta  tend  to  ehow  thai  the 
sulphide  eeries  ie  repreeented  by  a  body,  the 


KMit  of  Ike 
of  vhieh  h 
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probably  expressed  by  C^^oUs^S^Cly  aud  that  the  reacting  unit  of  poly 
prene,  its  molecular  weight,  must  be  taken  either  as  C^^U^^  or  CjooHj^ 
aooordiug  to   whether  we  choose  to   represent   the   mechanism   of  the 
addition  of  sulphur  monochloride  to  polyprene  by 
CI  CI 

8:SZ:(CmoH»»)        or 


</ 


The  molecular  weight  expressed  by  the  first  of  these  diagrams  would, 
indeed,  be  in  fair  ag^reemcut  with  the  result  of  Gladstone  and  Hibubrt's 
oyroaoopio  determination,^  but  this  is  perhaps  hardly  a  sufficient  reason  to 
reject  the  second  diagram  with  a  polyprene  molecule  only  one  half  tliat  of 
the  former,  as  the  question  of  aggregation  in  colloidal  solutions  yet  remains 
to  be  decided. 

Incidentally  also  in  this  case  attention  must  be  drawn  to  the  fact  of 
the  curious  coincidence  of  the  above  set  forth  '  lower  limit '  with  what  is 
recognised  as  the  best  practice  in  manufacturing — i.e.,  a  'cold  cure'  re- 
sulting in  a  product  containing  from  3*5  to  4  per  cent,  of  sulphur  mono- 
chloride  in  the  india  rubber. 

We  may  now  amend  our  former  statement  (6)  by  saying : — 

7.  The  series  of  chlorosulphules  formeil  by  the  interaction  of  sulphur 
monochloride  upon  jfolyfrrene  ranges  from  a  body  {C^f^II^QS^Cl^^^ 
^u^^tiS'^isP^is  ^  ^^^  upper  limits  to  a  body  G^^H .^^^S^Ol,^  cm  the  lower 
limit. 

The  physical  behaviour  of  the  above  described  colloidal  polyprene- 
chlorosulphide  *  sponges'  is  highly  interesting.  It  was  found  to  depend 
very  largely  upon  the  concentration  of  the  solution  in  which  the  '  sponge  * 
has  been  formed.  Thus,  in  forming  a  chlorosulphide  of  exactly  identical 
composition  in  a  series  of  solutions  of  polyprene  varying  in  concentration, 
we  obtain  a  numV>er  of  chlorosulphide  sponges  of  identical  chemical 
composition,  but  markedly  differing  in  their  behaviour  to  solvents,  and 
also  in  the  strength  of  the  filaments  obtainable  from  them  on  drying.  This 
difference  may  be  stated  thus : — 

8.  The  greater  the  dilution  of  a  solution  of  polyprene^  the  greater  the 
tendenq/  of  the  chlorosulphide  formed  therein  to  break  down  or  disintegrate 
under  the  influence  of  the  addition  of  furtlier  quantities  of  the  solvent. 

It  will  be  found  in  accordance  with  this  that  the  lowest  terms  of  the 
series  of  polyprene  chlorosulphides,  when  formed  in  0*5  per  cent,  solutions 
of  polyprene  in  benzene,  form  extremely  mobile  jellies,  which  can  be  diluted 
or  distended  by  the  addition  of  fresh  quantities  of  solvent,  almost  as 
readily  as  if  they  were  moderately  concentrated  rubber  solutions.  More- 
over, in  carrying  out  this  experiment  with  0*25  per  cent,  solutions  of 
polyprene,  no  jellies  are  obtained  at  all,  nor  is  there  even  a  sensible  alteration 
in  the  viscosity  of  the  solution,  although  the  chlorosulphides  are  formed  as 
>  FkU.  Mag.,  1889,  p.  89. 
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«  fiMi  eMQj  dflOMOtlnbU  bj  tliair  pcWpitetfam  villi  »biolou 
iJoohol  Mid  nibteqiMoi  aadljnria. 

Eiaotljr  limUar  obMnr»iioiif  nmj  be  oukU  bj  fon 
of  idmitloiU  oompotitioat  in  aolutiont  ol  poljprwM  of  iIm  mum 
but  in  diflmnt  tolvonli  In  trtating  polyptono  oolntioni  of  oqonl  oa» 
centnition  in  difforent  aolTooU  with  tbo  inmo  pioportioo  of  Milpbar  aoo» 
obkNrld^  joUiot  eihiUting  tttrpriiang  dIAranott  nra  oblilnod,  and  on 
■nbooquontlj  drying  Umm  joUi«i,  tba  Umeity  of  tbo  filns  oblnlaod  horn 
the  difleront  ■olutiom  variei  in  a  remitrkablo  dcgfw. 

Tliat  aoltttiont  of  the  auno  ntbitanoo^  and  pf  iwing  oqoal  dggw  ol 
conoontimtion,  maj  Tarj  T«rj  oonddorablj  in  tbair  atroolitio  or  eooolltntta, 
or  in  the  atato  of  aggrogatloo  of  tbo  diawlTod  bodj,  la  qoitt  a  fcadUar 
pbenomonon  in  the  aolutiona  of  otyalanoid  aubatanoea.  That  it  ahonld  be 
maoh  more  pronounoed  in  ooUoidal  bodiea  i8»  therefore,  to  be 
Rearing  this  in  mind,  the  above  deioribcd  pheoomena  beeooM  at 
intelligible  in  the  light  of  the  important  oooelaaioo  aonbodiad  in  our  pto- 
imaition  (4)  ou  page  95.* 

9.  7%e  di/ennee  in  ike  phytieal  daU  of  the  abom  dmeribml  tefuHomt  ^ 
ftoljfpreMe  tifter  ihtir  wmmnion  into  ehhromUpkidm  i»  dtht  mimml  Af  lAe 
fiftrmut  af  tMephjf$iral  amdiiwru  of  tfte  pofpprmm  Uttf/ imd^fmrnd 
or  in  ike  mum  90li9enl$  at  difermt  ronc$tiiraium$. 

In  thia  atatement  will  be  found  the  cluo  to  all  the 
facts  obaenred  in  the  prooeas  of  Yuloanising  with  sulphur  monoohkNide^  and 
OTen  of  tlioae  at  first  sij^ht  quite  unaccountable. 

The  indifferenoe  of  polyprene  to  sulphur  at  ordinary  temperatursa  is 
one  of  the  chief  causes  of  the  difficulty  of  prmcttcally  cootroQing  the 
process,  the  chief  advantage  of  Tuloanisation  with  anlphnr  moiwwhinrida 
being  the  promptneas  of  the  reaction.  '  Praotioal '  worken  bava  madt  tiiii 
certainly  striking  diflTerenoe  the  basis  for  some  extraordinary  eoneloiieoa.* 
In  reality  this  difference  is  no  greater  than  that  whieh  we  find  in  tW 
behaviour  of  unaatorated  hydrocarbons  with  sulphur  and  aolphnr  oMoo- 
chloride  respectively,  and  probably  leas. 

Aa  regards  the  action  of  the  sulphur  upon  polyprene,  it  is  perfectly 
obvious  that  the  slowness  of  its  action  is  due  to  the  fact  that  sulphur 
vapours  do  not  reach  the  molecular  sUte  at  whiob  their  raaetlve 
is  at  its  highest  until  very  high  temperatures  are  reaebad.  Tba 
molecule  assumes  its  normal  denaity,  S,-fi4,  only  at 
about  700  to  1500*  C^  aa  will  be  seen  from  the  following 


DtrflU  and  TnMjflt 
BiaMO,  . 


714  to   TIT  a 

D-n 

W>  to  1010*  C 

D-Slt 

8S4  to  litre 

D-SM 

i6M*a 

D-ri7 

>  Ip  aU  thwt  ipwiownto  th»  eooe-timttoa  ef  the  1  ilsHwi  is  the j 
mbitaiiM  oonlaiBed  in  100  «.«.  of  ths  tolvwt. 

•  SoaOiMaarf  JWMMf,  1899.  ^  17  (Horn):  AO..  p.  SITdliaDaa). 
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The  oaloulated  density  Tor  the  8,  molecule  is  D- 2*216.  The 
vulcanisation  temperaturo  of  poljprene  is  necessarily  much  lower  than  the 
above  temperatures  which  lie  between  bright  red  heat  to  white  heat. 
The  highest  vulcanising  temperature  which  has  ever  been  proposed  and 
used  does  not  exceed  185*  C,  and  in  ordinary  practice  it  is  rarely  more 
than  140*  C.  But  at  these  temperatures  the  sulphur  molecule  is  in  a 
state  of  aggregation  largely  exceeding  its  normal  value  of  S,  -  64.  Indeed, 
Blbibr  and  Koun  ^  ascertained  the  following  values  for  temperatures 
below  the  boiling  point  of  sulphur  (440'  C.) : — 


In  the  Vapour  of 

Temperature. 

Molecular 
Weight. 

Molecular 
Aggregation. 

DiphenyUmine, 
Arayl  benzoate, 
Quinoline, 
Ethyl  benzoate, 
Dimethylanilinc, 

810*  0. 
262    „ 
236    „ 
212    ,. 
193    „ 

287-9 
240-1 
245-2 
2496 
251  1 

7-48 

7-60 
7-66 
7*80 
7-«4 

These  figures  leave  no  doubt  that  at  practical  vulcanising  temperatures 
the  molecule  of  the  sulphur  vaix)ur  present  differs  from  Sg  only  by  an 
extremely  minute  fraction,  and  as  it  has  been  shown  by  Beckmann  that 
the  sulphur  in  solution  consists  of  Sg  molecules  only,  no  doubt  exists  that 
the  molecule  of  melted  (colloidal)  sulphur  is  at  least  of  the  same  order  of 
magnitude,  not  improbably  much  larger.  But  as  vulcanisation  can  only 
be  effected  by  sulphur  molecules  Sj,  it  is  obvious  that  the  rate  of 
vulcanisation  at  any  given  temperature  must  be  determined  by  the  state 
of  dissociation  of  the  sulphur  at  that  temperature — t.e.,  by  the  relative 
proportions  of  Sg  and  Sj  molecules  present.  At  ordinary  temperatures 
dissociation  is  almost  nil,  hence  the  fact  that  sulphur  at  these  temperatures 
cannot  vulcanise  india  rubber,  or  does  so  to  quite  an  unappreciable  extent 
only.  In  order,  therefore,  to  induce  vulcanisation — the  combination  of 
sulphur  and  polyprene — we  must  increase  the  state  of  dissociation  of  the 
sulphur.  This,  as  the  above  figures  conclusively  show,  is  effected  by 
higher  temperatures,  and  accordingly  we  find  that  at  increasingly  higher 
temperatures  vulcanisation  proceeds  at  a  rapidly  increasing  rate. 

The  necessity  for  continuing  the  heating  throughout  the  vulcanising 
operation  is  to  be  found  in  the  circumstance  that  the  energy  consumed  in 
the  dissociation  of  Sg  into  S,  molecules  is  very  high,  and  also  that  the 
heat  of  combination  of  polyprene  sulphide  is  very  low.  Otherwise  we 
should  expect  that  the  vulcanising  reaction,  once  started,  would  proceed 
spontaneously  without  the  further  application  of  extraneous  heat. 

As  this  point   can   readily  be  proved  by  experiment,  I  considered  it 
worth  while  doing  so;  but  as  the  reaction  between  polyprene  and  sulphur 
does  not  lend  itself  to  calori metrical  determinations,  the  more  circuitous 
>  Ber.,  1900  [83],  p.  50. 
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plan  bad  to  be  tdoptod  ol  dtliraloing  ibt  bca  of  oosboMto  of  poljpf^ 
And  of  a  poljpraoo  tiilpiiklo  of  known  oompotiUoo,  and  to  micqiato  tnm 
theae  data  the  haat  of  formatioo  of  poljpfeoo  aolpbldiL 

The  poljprena  oaad  in  tbaM  dalennlnatioQa  waa  obtelnad  hy  aait 
oareful  purifleatlon  of  apaoUUj  aalaelid  l^Mi  fn\Am.  Tba  |tQlj|if«Ba 
■ulphide  uMd  waa  preparod  from  tba  lama  lot  of  Pari  rubbar  bj  misfaif  fl» 
after  thorough  piirifieatioii,  with  10  par  east  of  aulpbor,  TwleanWf  H 
Immemed  in  water  for  two  houn  at  ISft*  OL,  aitfmeiing  all  the  ttm  anlphnr 
with  aoetooe,  and  anbeequentlj  drying  the  prodnot  in  a  eurrrot  of  eafbuo 
dioxide  at  8U*  a    The  following  6gurea  were  obtained  :— 

PolyprMML 

GbloriM  DOT  Oram      M  oImoUt  Oombae*        Obleahtodlbr         U«tof 
WatMT  Liquid.        tion  H«t,  C,«Hm.         100,0.-*^  ^H^O*  Ci»H», 

10,669  U  1450(7.  16S9  C.  TtC. 

Folypnot  SnlpUda :  8*8  par  otat  & 

WmterUqaid.  McHlJl^.  O^^t,^  tM^orr* 

10,215*  c.  1444(7.  1474(7.  MA 

It  is  well  known  that,  owing  to  the  high  eomboatioo  heal  of  oryuiie 
subetancea  and  their  low  formation  heat,  the  oaloulatkm  of  the  kttar  in 
the  abore  manner  is  apt  to  involve  oonaideiable  error.  Theee  are,  howtvar* 
not  of  such  an  order  of  magnitude  as  to  vitiate  tlie  above  6giire  for  the  heal 
of  formation  of  poljprene  anlphide  for  the  purpoae  of  our  diaooHioD.  lo- 
deed,  this  figure  amply  sofllcea  to  demonstrate  the  above  proporitioab  ^^ 
the  heat  of  formation  of  polyprene  sulphide  is  low ;  and  this,  together  with 
the  energy  required  for  the  gradual  transformation  of  the  S,  molaoaki  ialo 
8|  nMkleeolea,  is  sufficient  to  eatisfaotorily  account  for  the  indlBbtaiiOi  of 
polyprene  to  sulphur  at  ordinary  temperatures,  aa  abo  for  the  naea«ity 
of  continuous  heating  during  the  process  of  vnleanising  a8  Ufbar 
temperaturea 

It  is  incidentally  interesting  to  compare  the  thermoeheniQal  dala  of 
aome  of  the  cyclical  terpenes  with  thoee  above  given  for  polyprsoe^  which 
we  are  regarding  aa  an  olefinic  com|)Ound  : — 


Gblorifls  per  Gram. 
10.050  a 

atran«» 

1400  a               15S0  a 

PiiMoa.* 

HMtofFdnMiiaa. 

ma 

Gbkfiat  ptr  OraoL 
10.85Se. 

tk»H«st                 ouoaiswa. 
1476(7.                       15»a 

H^cffbiMHi 
54C 

>  Maaaofflvi 

>  Mian  of  thrw  detwmiaatiDM ;  8  Jstwmlawl  as  BC^  aq. 
»  FAVRBsDdSiLaaaJiAKX,  Anm.  dkiwu  pkm-  (tX  U.  tM* 
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Aasuming  all  these  figures  to  be  reliable,  they  reveal  the  curious  fact 
that  the  heat  of  formation  of  these  terpeues  is  much  lower  than  that  of 
polyprene.  The  circumstance  that  the  last  named  product,  on  dry 
distillation,  is  almost  quantitatively  converted  into  cycloterpencs,  would 
lead  one  to  suppose  that  these,  as  stabler  forms,  would  possess  a  higher 
heat  of  formation.  This,  quite  apart  from  the  fact  that  colloidal  com- 
pounds are  generally  assumed  to  possess  a  higher  energy  content — t.e.,  a 
lower  heat  of  formation — than  the  corresponding  crystalloids.  That  this, 
at  least  as  a  generalisation,  is  not  correct,  appears  also  to  follow  from  the 
observation  due  to  Berthklot,^  that  the  conversion  of  soluble  amorphouH 
(colloidal)  sulphur  into  the  rhombic  (octAhedral)  modification  is  accom- 
panied by  a  negative  temperature  reaction  of  160  calories  per  gram- 
molecule. 

The  important  part  played  in  the  viilcanising  process  by  the  dissociation 
of  the  complex  sulphur  molecules  naturally  suggests  the  adoption  of  means 
favouring  this  process,  either  for  the  purpose  of  reducing  the  time  or  the 
temperature  required  in  practical  working.  One  device  of  this  kind  has 
been  in  practical  use  almost  ever  since  the  discovery  of  the  process  of 
vulcanisation,  and  consists  in  the  use  of  'sulphur  carriers.*  All  substances 
to  which  this  term  applies  are  sulphides  of  the  heavy  metals.  This  state- 
ment might  appear  to  be  in  opposition  to  the  fact  that  lead  compounds, 
such  as  litharge,  lead  carbonate,  lead  sulphide,  lead  chloride,  lead  thio- 
sulphate,  antimony  oxide,  are  also  able  to  act  as  sulphur  carriers.  But  I 
contend  that  these  compounds  are  capable  of  this  action  only  owing  to 
their  more  or  less  rapid  conversion  into  sulphides  under  the  influence  of 
the  melted  sulphur  and  its  vapours.  This  is  strongly  8U})ported  by  the 
fact  that  the  best  of  the  above  named  sulphur  carriers  is  lead  thiosulphate, 
which  already  at  water-bath  temperature  decomposes  into  lead  sulphate  and 
lead  sulphide.  All  metallic  sulphides  i)ossess  a  more  or  less  pronounced 
tendency  to  form  polysulphides,  the  vulcanising  action  of  which  has  already 
been  demonstrated  by  Girard;  and  ihe  action  of  these  sulphides,  or 
sulphur  carriers,  would  appear,  therefore,  to  consist  in  the  acceleration  of 
the  splitting  up  of  the  complex  sulphur  molecules.  No  explanation  of  the 
action  of  these  bodies  is  to  be  obtained  from  the  thermochemical  data  of 
the  reactions  in  question,  as  the  intervention  of  any  intermediate  stages 
in  the  reaction  leaves  the  energy  change  of  the  reacting  system  unaffected. 
It  is  much  more  probable  that  the  catalytic  action  of  these  sulphur 
carriers  rather  depends  upon  the  matter  of  chemical  equilibrium,  and 
that  their  presence  tends  to  render  it  unstable,  thus  hastening  progress 
towards  a  lower  potential,  which  in  this  case  is  represented  by  polyprene 
sulphide. 

There  is,  however,  another  possibility  of  increasing  the  state  of 
dissociation  of  the  sulphur  molecules,  which  consists  in  the  reduction  of 
the  pressure  under  which  the  reaction  (vulcanisation)  takes  place.  We  owe 
>  JEnoi  de  M^camique  Chimique^  1879,  i.  553. 
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to  H.  Bit.Ti>  ao  •xluwitlif*  aorkt  ol  detotialartiuM  of  Um  dimHj  «l 
■ulphur  vapour  midar  rtdoMd  prewur>  at  i4<r  0^ 
a  ooiMki«rabU  aitaot  tba  HiiWKikHon  ol  tho  mlplia 
undor  thoaa  eoodiiiooa.  I  givo  tbo  ramlta  oT  tlio  obtarratfoaa  of  tiM  abofo 
namod  author  in  the  follovii^  tablo.  I  hava  addad  a  tlifad 
■bowing  al  a  glaooa  tho  laaao  atomlo  aggragpHiim  tba  aulphor 
in 
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From  theae  6gurea  it  would  appear  that  the  dinoeiirtkNi  of  mlpbnr 
▼apour  at  ooDstant  temperaturea  iDcreaees  totj  oooridflcmblj  iiadar  the 
influence  of  reduced  preesurea.  The  niggeatioo  of  utilistng  thie  liaei  for 
the  quiolcening  of  the  vulcaniaation  prooeaa  uatnrallj  oocun  ;  and  invanaij, 
the  obeervatioii  of  this  quickening  aottoo  would  lend  powerful  anppoffi  to 
the  aboTC  pronounced  theory  of  yulcaniaatioo.  The  teehnieal  application 
of  this  suggeatioo  is,  however,  out  of  the  question,  as  it  woold  invariahlj 
result  in  the  '  blowing '  of  the  goods  treated.  For  this  rsaaon  Tnloaniaatlon 
in  the  vast  majority  of  cases  is  carried  out  in  presses,  or  in  pans  into  whleh 
live  steam  at  from  2*5  to  5  atmospheres  (38  to  75  lbs.)  is  admitted,  or  in 
st€am>jacketad  pans  obarged  with  oompressed  air  to  a  piaaiuiw  np  U>  10 
atmospberea  (150  lbs.).  According  to  the  above  remariu,  we  shonhl  sipaol 
the  process  of  vuloauisation  to  suffer  a  retardation,  owing  lo  tho  rsdnosd 
rate  of  dissociation  of  the  sulphur  vapour.  That  this  is  tho 
be  uo  doubt  whaterer,  but  thia  offoei  ean  bo  minimisad  bj 
temperature,  and  as  with  rising  tompovators  tho  rats  of  mogyass  of  tho 
vulcanisation  Inoreasea  mach  more  rapidly  in  proportioQ  to  tho 
effect  due  to  inorsaasd  preasuro,  this  latter  drawbaok  is  not  of 
practical  moment. 

The  views  on  vulcanisation  above  set  forth  also  aiplain  at  ooeo  tho 
fact  that,  in  order  to  effect  vulcanisation  within  a  time  intaonl  alMbatoiy 
for  practical  pur|«oaes,  we  are  compelled  to  employ  what  ia  hi  oQ  onna  n 
oonaiderable  excess  of  sulphur  over  and  above  the  quantity  enl 
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oombinatioD  with  the  india  rubber.  This  excess  has  obviously  the  effect 
of  increasing  the  total  number  of  dissociated  (S,)  sulphur  molecules 
present,  thereby  aooelerating  vulcanisation,  wliich,  us  is  well  known  to  all 
rubber  manufacturers,  proceeds  the  quicker,  the  larger  the  proportion  of 
sulphur  employed.  The  uncombined  excess  of  sulphur  remaining  after 
▼ulcanisation  in  the  india  rubber  does  not  crystallise  on  cooling,  but  re- 
mains distributed  through  its  mass  in  extremely  small  globules.  This  can 
easily  be  demonstrated  by  a  vulcanisation  experiment  under  the  microscope, 
but  unfortunately  I  have  found  it  impossible  to  produce  a  satisfactory 
photograph  of  this  experiment  After  a  certain  length  of  exposure,  the 
vulcanised  rubber  is  covered  with  a  6ne  greyish  deposit  consisting  of 
minute  sulphur  crystals,  which  in  course  of  time  become,  on  close 
examination,  visible  to  the  naked  eye,  and  are  easily  seen  by  examining  the 
object  with  a  low-power  microscope.  In  fig.  10  (Plate  II.)  will  \>e  seen  a  low- 
power  photomicrograph  of  the  surface  of  a  piece  of  drab  sheeting,  showing 
the  splendid  crystallisation  of  sulphur  on  its  surface.  Tliia  phenomenou  is 
technically  known  as  *  blooming  *  or  sulphuring  up,  and  is  generally  sup- 
posed to  be  due  to  the  sulphur  *  efflorescing '  in  some  unaccountable  way 
to  the  surface.  The  ignorance  of  the  real  state  of  affairs  is  the  reason  that 
often  the  most  inadequate  means  are  adopted,  or  the  use  of  some  quack 
preparation,  believed  to  possess  some  occult  virtue,  resorted  to,  to  prevent 
this  efflorescence. 

In  order  to  clearly  understand  the  nature  of  this  phenomenon,  we  must 
examine  the  nature  of  the  above  mentioned  sulphur  globules  which  are 
present  in  the  india  rubber  for  some  time  after  vulcanisation.  On 
examining  these  globules  under  the  microscope,  it  will  be  found  that 
they  have  no  action  upon  polarised  light.  They  are  therefore  structure- 
less, and  do  not  consist  of  sulphur  in  the  crystallised  state.  In  time  they 
crystallise,  and  subsequently  form  centres  from  which  radiate  in  all 
directions  beautiful  dendritical  crystals  of  sulphur. 

These  facta  may  be  conveniently  studied  by  producing  these  globules 
outside  the  india  rubber  by  allowing  sulphur  vapours  to  deposit  upon  a 
micro  cover  glass.  Successful  preparations  are  easily  obtained  by  placing 
in  the  centre  of  a  small  porcelain  basin  one  of  the  metal  rings  used  for 
making  cells  for  microscopic  objects.  In  the  centre  of  this  ring  is  laid 
a  minute  crystal  or  two  of  sulphur,  and  a  cover  glass  deposited  upon 
the  ring.  The  basin  so  prepared  is  placed  upon  an  asbestos  sheet 
and  heated  from  underneath  with  a  small  flame.  An  iridescent  coating 
of  sulphur  deposits  upon  the  under  side  of  the  cover  glass,  and  an 
examination  of  this  coating  at  once  reveals  the  fact  that  this  deposit 
consists  of  small  globules  of  colloidal  sulphur.  The  globules  are  largest 
in  the  centre;  towards  the  periphery  of  the  cover  glass  they  gradually 
diminish  in  size,  passing  in  the  outermost  regions  below  the  limits  of 
microscopic  vision.  The  appearance  of  this  deposit  is  shown  in  fig.  11 
(Plate  II.). 
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Kio.  12. — Spontaneous  crystallisiition  in  dejiosit  of  Hulphur  globules. 
Photo-microgniph  :  AiK)chrom.  Zeiss  4  ram.,  Projec.  Eyep.  4.      x600. 


Flo.  13. — Alwirption  ot  sulphur  glol.ules  by  sulphur  crystal. 
Photo«microgniph :  Ajiochrom.  Zfitw  4  mm,,  Prajf-c.  Eyep.  4.      x  600. 
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If  Um  dqxMit  hat  hmn  prodnoiil  npoo  » 
glMB,  the  prepantioQ  nuj  be  kepi  ojMUteffed  for  tmIti  Seretal  tlsMi 
I  raooeeded  in  keeping  tUm  for  iueii  a  length  of  ^km  tkmi  iIm  d^ 
poeit  compleCelj  volatiUeed  witboQi  undergoing  enj 
globulee  ooneiel  of  eoUoidal  tulpliur,  thej  iMte  no 
light. 

At  e  rule,  e/ter  a  few  daje'  itendJng  eryttnlliierino  begine  el 
or  another  of  theae  preparaiiooa.  The  fttei  aign  ia  alwap  one  o 
Um  globulea  beooming  opaque  and  dktincUj  yellov.  The 
Btmoture  of  tbeae  globulea  it  at  onoe  ahown  bj  tlie  appearaaee  of  nilal 
oroeiea  on  examining  them  under  the  mionhpokiieoope.  The  ewfoee  of 
theee  eryitalline  globulea  in  ooune  of  time  beoooMa  covered  with 
of  orjBtallised  sulphur,  which  often  avnme  oomparativelj 
evidentlj  at  tho  ezpenae  of  the  itill  colloidal  and  brilliantlj 
parent  globulee  surrounding  them  (fig.  12,  Plate  IIL).  Thie 
phenomenon  is  undoubtedly  due  to  the  vapour  tetiaion  of  ool^oidal  anl- 
phnr  being  much  higher  than  that  of  eiTatallieed  anlpbnr,  eo  that  each 
erjatalliaed  globule  beoomea  a  centre  of  low  preeiur^  towarda  whieh, 
conaequently,  the  sulphur  Yapoun  distil,  to  condenee  bj  cfTatalUafai^ 
Thia  leads  to  the  gradual  consumption  of  the  coUoklal  glohalei  bj  the 
crystallised  globules  surrounding  them,  thoee  neareal  loflbrinf  moat  hi 
this  respect,  so  that  eventually  the  crysullised  globule  beeomes  snr- 
n>unded  by  a  aone  of  dear  glaaa.  All  thia  is  very  deadly  ahown  bj  f^  IS 
(Plate  III.). 

Occasionally  the  crystalline  needlea  forming  upon  a  ciystAlliacd  globnle 
extend  so  rapidly  as  to  make  contact  with  one  of  the  cdloidal  glohnlea. 
The  instant  this  occurs  the  globule  becomes  turbid,  and  almoat  at  the  aama 
time,  but  always  on  the  opposite  side  to  that  where  the  contnel  look  plaes^ 
a  crop  of  extremely  fine  needlea  appears,  and  theee  makhig  almila 
with  adjacent  globulee,  produce  eventually  very  extraordinary 
designs  consisting  of  crystallised  sulphur.  The  following  rough 
make  the  phenomena  just  deeoribed  dear : — 


Flo.  14.-8|«itd  of  ei7>t»I]l«tioa  fttaa  ||obd«  lo  ghibds  hi 

This  phenomenon  is  not  always  observable,  hot  I  havnfonnd  thalHeHi 
at  any  time  be  produced  with  perfect  c«ee  by  eeonring  the  cover 
carrying  the  sulphur  depodi  npoo  a  micro  aUdsb  ao  aa  to 
ance  of  the  sulphur  dopodt  by  oontact  with  the  ittda.*    A  lew  dmpi  of 

*  ThitisMnlydoiMbypMtiagMVMi  Um  alkb  two  aanww  i 
»t  a  diateDM  sooMwhat  Urn  tkaa  th«  diiaiif  «f  ths  evm 
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aloohol  are  run  between  the  slide  and  the  cover  glass,  when  within  a  few 
seoonds  the  above  described  phenomenon  may  be  observed  taking  place  in 
every  direction.  Fig.  15  (ms  Frontispiece)  gives  an  idea  of  the  magnificent 
dendritic  designs  produced,  the  development  of  which  is  one  of  the  most 
faaninating  and  interesting  sights  conceivable.  This  is,  no  doubt,  a  matter 
deserving  further  careful  study  from  the  point  of  view  of  molecular  physics 
in  general.^ 

Incidentally  these  phenomena  enable  us  to  obtain  a  perfect  insight  into 
the  cause  and  nature  of  the  *  sulphuring  up'  in  rubber  goods — a  subject 
which  up  to  now  has  been  shrouded  in  a  great  deal  of  mystery.  It  becomes 
at  once  clear  that  if  we  adopt  means  to  start  the  crystallisation  of  the 
minute  globules  of  sulphur  distributed  throughout  the  mass  of  the  india 
rubber,  in  the  inner  parts  of  the  latter  no  '  sulphuring  up '  can  take  place. 
As  a  matter  of  fact,  the  vapours  of  the  colloidal  sulphur  globules 
lodg^g  on  the  surface  will  actually  travel  into  the  rubber  substance 
to  crystallise  there.  But,  on  the  other  hand,  should  crystallisation 
begin  upon  the  surface,  the  sulphur  will  pass  from  the  colloidal  globules 
in  the  inside  to  the  surface,  and  produce  there  a  frequently  quite 
prodigious  crystallisation,  which  is  as  a  rule  looked  upon  with  extreme 
disfavour.^ 

In  ebonite  the  trouble  of  *  sulphuring  up'  is  unknown.  This,  in  the 
light  of  the  above,  must  appear  as  rather  surprising,  seeing  that  even  high 
grades  of  ebonite  rarely  contain  less  than  15  per  cent,  of  free  sulphur,  and 
often  up  to  60  or  70  per  cent.  We  must  therefore  assume  that  ebonite 
represents  a  solid  colloidal  solution  of  the  colloidal  polyprene  sulphide 
CigHjgS  in  colloidal  sulphur.  Nor  is  this  assumption  without  experimental 
support  Indeed,  the  fact  that  ebonite  under  the  microscope  presents  the 
appearance,  as  shown  in  fig.  8,  of  a  homogeneous  mass,  although  it  con- 
tains always  a  large  amount  of  free  sulphur,  appears  to  me  capable  of  no 
other  explanation. 

The  process  of  vulcanising  with  sulphur  monochloride  is,  of  course, 
characterised  by  the  fact  that  it  takes  place  at  ordinary  temperatures. 
Indeed,  so  energetic  is  the  reaction  in  this  case,  that  in  employing  this 
process,  and  in  order  to  render  it  controllable,  the  sulphur  monochloride 
must  be  used  in  a  state  of  considerable  dilution.  These  facts  have  been 
just  as  much  misunderstood  as  those  in  reference  to  the  process  of 
vulcanising  with  sulphur. 

At  first  sight  it  might  appear  strange  that  a  compound  of  sulphur  should 

solphnr  covered  face  downwards,  is  then  placed  upon  the  slide  so  that  it  rests  upon  these 
strips,  upon  which  it  is  secured  with  two  similar  striits. 

*  To  those  interested  in  molecular  physics,  B0t8chli*8  Mierottrukturen  dea  erstarrten 
Sdiw/eUf  Leipzig,  1900,  may  be  strongly  recommended. 

*  I  have  obtained  similar  deposits  of  colloidal  selenium  forming  magnificent,  highly 
transparent,  irregularly  shaped  (not  globular)  ruby  beads.  These  do  not  exhibit  any  of 
the  above  described  phenomena — in  fact,  some  preparations  made  over  eighteen  montlm 
ago  have  been  preserved,  and  show,  so  for,  no  tendency  at  all  to  crystallise. 
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be  toeh  AH  •oomooilj  inort  aeClve  vm 
lUtelf.    If  poljprtM  tad  folpbnr  oMMioeh. 

procoM  in  Um  mAimir  io  whieb  lh#  oompoomu  of  a  doobl*  mU%  «n%  Hm 
wouMatoooemiderUMproeMinUUicibl^biiltlltoboolllMflM^  TW 
ohmnioal  beluiTioar or  Um  polTpnot  ohloraiiilpbU«  oImH j dMvi tkilllM 
ohlofint  and  ■olpbiir  of  Ilia  moooohlorido  mptuukB  aad  pMi  Io 
parte  of  iho  poljpraoo  molooiilo.  Nov  tbo  fonmlkMi  d 
oUIoride  ii  eipr—ad  bj  the  oquatioo : 

(1)  8|.GI.«8/a,-f  im7«L, 

and  tharoforo  ite  oombiaalloo  with  poljpfaoa  ioTolvas  tha  Invafw  malioo 

(S)  8A-8,,GI.-lUft7«L, 

or,  in  otbar  wordi,  it  raqoiret  tha  aipeoditara  of  a 
anaiKjr. 

It  will  be  remambared  that  in 
of  poljrpreoa  to  fkaa  ■olphur  at  oidinary  te—peratufi^  I  potelad  Io  Ika 
fact  that  tha  diaMoiation  of  S,  into  S,  molaoolae  would  laqniia  a  eoniidtf 
abhD  expenditure  of  energj,  and  that,  moreoTor,  tha  heat  of  Ibrmatioii  of 
poljprene  sulphide  wu  probablj  Tory  imaU^4ui  a«amptioo  follj 
bj  the  result  of  the  determination  of  that  constant.     It  might  •« 
fore,  as  if  the  etroumstanoes  were  exaotlj  the  same  in  the  oaia  of 
with  sulphur  monoohloride.    This  is  of  ooniie  tnis^  as  far  aa  tha 
just  pointed  out,  of  splitting  up  of  tha  8/3,  molaeola  ia 
oan  the  '  heat-toning,'  due  to  the  oombination  of  tha  sulphor  of  tba 
amount  to  an j  more  than  in  tha  former  aiampla. 

The  expUnation  of  tha  anargatie  reaeiko  betwaao  potTprana  aad  aalplmr 
monoohloride  is  obviouslj  to  be  found  in  tba  cirGoaaatanaa  thai  bsiidn  tha 
Tuloaniaing  action— the  oombination  of  8,  with  po^jpfana— Ibsta  is  a 
secondary  reaction  simultaneoualj  taking  plaoe— tha  aomhinathm  of  Q, 
with  poljprene  (addition)— and  thia  whole  process  moat  ba  lepiassulad  bjr 
tha  equation : 

(8)        (C|,H„).  +  WU  -  (0,.H,JJB/1,  -  14»7  mL  ♦  (1«W  ♦  a)  •L, 


or,  in  other  words,  Jie  energy  abaorptioo  doe  la  the  daaomposilloo  of  8yCI| 
into  S,  and  Cl^  must  be  Tory  groatly  exoaedad  hj  the  *haai>IODtef '  of 
that  phase  of  tha  reaction  expreaiibla  aa 

(4)  (0»Bm>.  4-  O.  -  (0,»Hm).CI» 

ie.,  by  the  fonnatioQ  of  a  ohlorinatad  addilioD  prodMl* 

Now,  for  tha  final  proof  of  tba  abora  wa  voahl  nqptSn  Io  kaow  Iba 
formaUon  heat  of  the  body  (Ci«H,«),Cl,.    This  aoMtaol  I  hate  doI  baso 


a  Of  oouw  I  do  not  BMU  by  thii  tiMft  a 
lidebjaifkMMpMate  bodka,    Tbt  «bov«  oalynftnlD  Ibt  fee*  fbaMi  te 
chlorcanlphfato  it  ibcsMd. 

Q 
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able  to  ascertain,  for  the  simple  reason  that  the  body  in  question  has,  so 
far,  not  been  obtained.  Chlorine  acts  upon  even  very  dilute  solutions  of 
polyprene  with  such  violence  as  to  lead  immediately  to  the  body  CjoHj^Clg 
($ee  page  31).  The  energy  liberated  in  this  reaction  is  so  considerable,  that 
in  working  with  a  2  per  cent  solution  of  polyprene  in  chloroform  the  latter 
soon  begins  to  boil.  This  fact  in  itself  is  almost  sufficient  to  prove  the 
above  conclusion — namely,  that  the  energy  with  tohicfi  sulphur  monochloride 
combinee  with  polyprene  is  due  to  the  very  considerable  heat-toning  ac- 
companying the  combinalum  of  chlorine  with  polyprene.  The  sulphur 
thereby  liberated  appears  in  what  we  have  recognised  as  the  most  active 
form  of  S,,  the  simultaneous  combination  of  which  with  the  polyprene 
produces  a  further  addition  to  the  total  heat  evolved. 

Quite  in  accordance  with  the  foregoing  is  the  fact  that  the  action  of 
sulphur  monobromide  upon  india  rubber  is  very  much  slower  than  that 
of  the  monochloride.  Sulphur  iodide  is  practically  without  action  at 
ordinary  temperatures.  The  reason  is  evidently  that  the  formation  heat 
of  polyprene  bromide  is  a  fraction  only  of  that  of  the  chloride,  and  tlie 
heat-toning  due  to  the  combination  of  iodine  with  polyprene  is  almost 
imperceptible. 

The  theory  of  the  action  of  sulphur  monochloride  upon  polyprene, 
given  above,  furnishes,  moreover,  an  explanation  of  why  such  bodies  as 
thionyl  chloride  SOClj,  or  sulphuryl  chloride  SOoC^,^  which,  from  the 
similarity  of  their  structure  or  constitution  with  that  of  sulphur  mono- 
chloride, would  be  expected  to  react  in  a  similar  manner  with  polyprene, 
forming  a  new  type  of  *  vulcanised  *  india  rubber,  have,  as  a  matter  of  fact, 
not  the  slightest  effect  upon  it.  The  explanation  is  as  follows  : — Equation 
(3)  above  contains  the  term  (14257  +fl;)2,  which  represents  the  heat-toning 
due  to  the  combination  of  Clj  with  polyprene.  I  have  given  it  that 
particular  form  merely  to  denote  that  this  amount  is  x  cals.  larger  than 
the  energy  absorption  due  to  the  splitting  up  of  SgClj  into  Sg  and  Clj, 
and  very  little  consideration  will  show  that  by  the  introduction  into  the 
equation  (3)  of  either  thionyl  chloride  or  sulphuryl  chloride,  this  term 
(14257+*)  would  remain  quite  unaffected.  The  formation  heat  of 
thionyl  chloride  is  +  40,800  cals.,  that  of  sulphuryl  chloride  82,540  cals. 
Inserting  these  values  in  equation  (3),  we  would  obtiiin  respectively  for 
thionyl  chloride : 

(5)  (CieHje),  +  SOCl,  a  (C,oH„)„SOa,  -  40800  cal  +  (14267  +  r)  caL, 
and  for  sulphuryl  chloride : 

(6)  (CioHie)..  +  80/31,  =  (C,»H„)«S0C1,  -  82540  cal.  +  (14257  +  ar)  caL 

These  two  reactions  to  maintain  the  exothermic  character  of  equation 
(3)  would  therefore  require  an  enormous  heat-toning  for  the  combination 
CjoHiqCI)  ;  and  although  this  is  considerable,  approximate  thermometrical 

>  Not  to  mention  the  laige  number  of  organic  and  inorganic  acid  chlorides. 
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of  tiM rMoiioQ aooordliHr  totqiwtkNi  (S)  !«»?•  m dmibllhil 
U  to  much  too  muUl  to  render  cquatloM  (5)  and  (6)  aoUMfmk.  Iteot 
the  ratfllioM  aaiiiiMd  io  th«m  do  nol  Uk«  pbot  at  all 

loftnidj.  tbers  li  hardlj  aoj  doabt  thai  If  w«  eould  flad  oovpondi  cT 
the  abovo  namad  tjpe  of  a  fonnatkm  baat  approsimaiely  «|iial  to.  or  \omw 
than,  that  of  ■nlphor  moooohlorida,  «•  eoohl  obtain  I7  oMaoa  of  tlMm  m 
roaotioo  aaalogoiM  to  thai  oqmMtd  in  aqwUfao  (S).  8wh  a  oonqmnd 
would  lapraaent  a  new  Tuloaniafaig  agnt,  tha  diaoowrj  of  whieh  voold  sot 
only  be  of  great  tbeofotlea]  lnt«r«al»  hot  moat  likalj  alio  of 
toehniea)  Talno. 


CHAPTER  IL 

EXAMINATION  AND  VALUATION  OF  INDIA  EDBBER  AND 
GUTTA  PERCHA 

Whether  wo  examine  India  rubber  or  gutta  pcroha,  the  first  consideration 
is  obviously  how  much  of  the  pure  hydrocarbon  (CiqHj^)^  a  given  sample 
oontains.  Upon  this  point  depends  very  largely  the  value  of  the  sample, 
and  also,  though  in  a  less  degree,  its  suitability  for  a  given  purpose. 
Since,  however,  the  pure  hydrocarbons  contained  in  the  different  brands 
of  india  rubber  are  neither  physically  nor  chemically  identical,  it  is 
evident  that  they  cannot  be  technically  equivalent.  This  fact  is,  as  the 
result  of  technical  experience,  clearly  expressed  in  the  scale  of  prices  of 
the  different  brands  of  india  rubber,  which  is  not  so  much  an  indication  of 
the  relative  purity  of  these  brands,  as  of  their  manufacturing  value  based 
upon  their  properties  and  applicability. 

The  systematic  examination  and  valuation  of  india  rubber  is  at  present 
very  little  practised  otherwise  than  by  estimation  of  the  Moss  on  washing,' 
and  it  certainly  must  be  admitted  that  under  the  conditions  under  which, 
at  the  present  time,  india  rubber  is  bought  and  sold,  the  result  of  such  an 
examination  could  not  influence  the  price  paid,  which  is  determined  chiefly 
by  the  state  of  the  market,  and  accepted  or  refused  by  the  buyer  upon  the 
strength  of  a  cursory  empirical  examination  of  samples  which  are  often 
submitted  'bulk  not  guaranteed.'  Under  these  circumstances  the  prices 
paid  for  different  lots  of  the  same  brand  of  india  rubber,  supposed  to  be 
of  identical  quality,  often  show  the  most  absurd  variations  when  calculated 
upon  the  yield  of  washed  product,  and  after  deducting  from  this  the 
estimated  percentage  of  resinous  matter  it  invariably  contains.  These 
variations  are,  of  course,  greatest  in  medium  and  low  class  rubbers. 

Tiiis  state  of  affairs  is  highly  anomalous.  It  could  not  be  said  to  be 
due  to  the  conditions  under  which  crude  rubber  is  collected,  nor  could  it 
be  considered  to  be  a  deliberate  creation  of  the  rubber  broker.  Indeed, 
there  is  little  doubt  that  it  is  simply  an  old  custom  perpetuated  by  the 
conservatism,  not  to  say  indolence,  of  the  rubber  manufacturer,  who,  as  a 
class,  has  done  next  to  nothing  to  bring  to  bear  upon  the  development  of 
his  industry  that  line  of  scientific  enquiry — chemistry — which  has  done 
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fooon  for  the  induttruU  davtlopHMot  of  this  Motvrj  tlua  toj  oChtr 

of  bomao  knowladgt.     Pig  iron,  eantUo  aodft,  wood  pulp.  Mid  motm  of 

■imilar  ariiolci^  oooliiig,  ooai|MumtiTolj  tpoikiag^  a  few  •billiofi  par  ton, 

ara  bought  and  aold  oo  iba  baaia  of  atriet  aoaljrtloal  ateDdaida ;  boi  iadk 

rubbtr,  eoaiiog  froni  £150  to  £500  |>ar  too,  obaogaa  baada  vitboui  oitbar 

bujer  or  aallar  baving  more  Ui«u  a  vagiia  knovladga  of  iu  intriiaiB 

▼alua. 

Bat  9f9n  mora  important  ia  tba  ajrataoiafio  analjtioal  oootrol  of  tbo 
orode  rubber  before  it  euters  into  Uie  maiiulacturing  prooeaa.  Thia 
appUaa  mora  partioularlj  to  tba  amount  of  wbat,  in  tbo  ahaanaa  of 
dafinita  knowladga,  ia  daaoribed  aa  'oil/  and 
fai  tba  WMbed  rubber.  Tbe  aubatancea  falling  under  tbic  bead  asari  a 
T017  marked  influenoa  upoo  tba  behaTionr  of  tbo  rubber  in  «orkin|^  and 
abo^  aa  migbt  be  eipeeted,  upon  tbe  propartlaa  and  quality  of  tbo  mami- 
faoturcd  article.  Aa  already  atatcd,  tbe  amount  of  tbcae  impuritiea,  vbiali 
ia  aligbt  in  fine  Pari,  variea  often  ratber  oooaidorably  in  medium  and  lov 
grade  rubbera;  and  unifomiitj  in  tbe  manufaotured  article,  tba  laefc  of 
wbioh  ia  ao  frequent  a  cause  of  trouble,  oannot  bo  aipaetad  if  tbo  moat 
olementarj  preoautiona  to  attain  it  are  neglected. 

Tbe  moat  important  pointa  in  tbo  otaniination  and  raluation  of  crude 
rubber  are : — 

(a)  LoM  oa  wMbing. 

(ft)  Oily  and  rMinow  mattwi. 

(c)  PMatatagt  of  osygn  combined  wiiii  rabb«-« 


Tbe  loaa  on  waabing  can  only  be  eatimated  in  the  factory  by 
ing  tbo  yield  of  dry  waabad  rubber  obtained  from  an  aaoertainad  bulk  of 
crude  rubber.  Tbia  loaa  eonaiata  of  water,  aalta,  wood,  fibraa,  and 
impuritiea.  Of  tbe  nature  of  tbe  oily  and  reeinoua  aubatanoea 
definite  ia  known.  The  oily  aubatancea  alwaya  form  a  Tory  amall  pari  only 
of  the  total  extract  The  raainooa  aubatancea  generally  form  aami- 
transparent,  yellowiab-brown  or  brown  aubatancea,  which  in  aome  caaaa 
are  aemi-reailient  and  alightly  aticky,  in  other  caaaa  bard  and  brittle^  and 
in  a  few  caaaa  rapreaent  white  powdera  in  appearanea  greatly  rawniMing 
the  albane  extracted  from  gutta  percba.  Tbia  kind  of  reatn,  which  ia  wj 
difficultly  aoluble  in  all  adventa  hot  and  coki,  oeeum  ohiady  in  Afrkan 
rubbera,  moat  plentifully  in  Sierra  Laono.  Ita  oompoaitkm  to  aipiMaiad  by 
the  formula  CioHj^Of 

The  eatimation  of  thaaa  oUy  and  raainooa  oooatitaanto  to  beat  oarrtod  oil 
by  drying  a  piece  of  the  waahod  rubbor  oitbor  in  taouo  or  in  a  cormil  of 
carbonic  acid,  and  oxtraottng  from  5  to  10  grma.  of  tbo  aampio  in  aSoihlal 
extractor  by  meana  of  acetone.^    Tba  oxtiaotioo  abouU  bo  oonthmad  for 


*  InaonMCMMHaMybafeaadptatonbto  t»  fMribna  tba  slMltoa  by  m 
gladal  aettto  aokl,  owiag  t»  tba  prMoe*  to  a  fnr  oMi^  aalably  atana  Uaa^  of 
which  to  aeeton*  an  nareily  aolabto  at  aXL 
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from  six  to  ten  hours.  After  dUtilling  o£f  the  acetone,  the  flask  with  the 
extract  is  for  about  twenty  minutes  placed  in  a  drying  oven  at  100*  C. 
An  air  current  is  then  blown  through  the  flask  while  still  hot  to  expel  the 
last  traces  of  acetone  and  water  vapour,  and  finally  the  flask  and  its 
contents  are  weighed.  The  amount  of  extract  thuB  found  should  be  cal- 
culated upon  the  washed,  and  not  upon  the  crude,  rubber. 

It  is  at  the  present  time  often  assumed  that  the  percentage  of  resinous 
matter  in  india  rubber  may  be  taken  as  an  indication  of  the  care  bestowed 
upon  its  collection,  coagulation,  and  preparation  for  the  market  in  general. 
I  have,  however,  satisfied  myself  that  this  view  is  not  correct  A  number 
of  samples  of  difierent  kinds  of  india  rubber  milk,  which  I  had  the  oppor- 
tunity to  examine,  showed  that  these  resinous  matters  already  exist  in  the 
milk  as  it  flows  from  the  trees,  and  much  in  the  same  proportion  to  the 
rubber  present  which  we  find  in  the  corresponding  commercial  rubbers. 
Of  course,  the  very  fact  of  the  existence  of  Spiller's  resin,  which  body  is 
certainly  an  oxidation  product  of  the  rubber  itself,  would  seem  to  suggest 
and  support  the  above  mentioned  view ;  but  I  am  of  opinion  that  the  pro- 
portion of  resinous  matters  in  crude  rubber  due  to  this  cause  is  in  all  but 
very  exceptional  cases  extremely  small.  My  reason  for  this  statement  lies 
in  the  fact  that  there  must  be  quite  a  number  of  intermediary  oxidation 
stages  between  india  rubber  and  Spiller's  resin,  so  that  commercial  india 
rubber  containing  throughout  its  mass  a  certain  proportion  of  Spiller's 
resin  would  almost  certainly  exhibit  such  a  high  degree  of  general  oxidation 
as  to  possess  the  properties  of  a  more  or  less  resilient  resin  rather  than 
thoM  of  india  rubber.  It  might  perhaps  appear  that  the  above  views 
scarcely  ofier  an  explanation  of  the  variation  of  the  amount  of  resin  in  the 
same  description  of  india  rubber— a  variation  which  is  often  not  inconsider- 
able, especially  in  medium  and  low  grades.  I  am  inclined  to  ascribe  this 
variation,  as  far  as  it  is  bondfidey  either  to  the  condition  or  the  age  of  the 
tree  from  which  the  latex  is  obtained,  or  to  the  very  common  indiscriminate 
mixing  of  the  milks  or  products  of  good  and  of  indifferent  quality;  but  there 
is  no  doubt  that  not  infrequently  it  may  be  due  to  deliberate  adulteration 
practised  by  the  collectors.  The  sometimes  very  striking  qualitative  varia- 
tion of  the  resinous  extract  points  rather  strongly,  I  think,  to  the  latter 
cause.  It  is,  however,  highly  desirable  that  this  question  should  be  studied 
in  a  systematic  manner  in  the  various  rubber  districts. 

The  rubber,  freed  from  oily  and  resinous  matters  by  extraction  with 
acetone,  is  by  no  means  the  pure  hydrocarbon,  but  contains  invariably  a 
certain  amount  of  oxygen  derivatives  of  the  general  formula  (CioUje)„OM. 
From  the  very  composition  of  these  products  I  am  inclined  to  consider 
them  as  true  oxidation  products  (by  addition)  of  india  rubber,  and  I  further 
hold  that  the  amount  of  such  oxygen  found  in  india  rubber  is  a  good  indi- 
cation of  its  quality  from  the  point  of  view  of  its  collection  and  preparation 
for  the  market^  also  of  its  condition  after  shipping  and  storing. 

The  estimation  of  this  oxygen  is,  of  course,  carried  out  by  combustion, 
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the  rubber  oblaiuod  alter  exUactum  witli  acctoue  aud  Oxyiug  in  aa 
phere  of  bjdrogmi  or  earbooio  add  being  need  for  Uiit  purpoM.  At  Um 
end  of  the  oomlmsUoo,  the  weight  of  the  aili  remaining  in  the  finrnelaJii  or 
platinum  boat  must  be  aeoertained,  and  deducted  from  the  weight  ol  the 
■ubetanoe  need  for  oombuetioo,  before  calewlating  the  pereeatagei  of  earbon 
end  hjdrogeu  in  the  lample.  The  amount  of  aeh  thue  found  might  be 
■uppoeed  to  repreeont  the  total  amount  of  aeh  preeent  in  the  weahed  rubber^ 
but  thie  ie  onlj  true  aa  an  epproximatkm.  It  maj  be  taken  as  piaetieally 
oorrect  for  all  thoee  brands  of  india  rubber  oootaining  not  more  than  about 
4  per  cent  of  reein.  In  rubbers  in  which  this  quantity  is  eioeeded,  a  oertain 
pruportion  of  iiuncral  matten  inrariablj  pamse  into  the  eartwet  thie  the 
mors,  the  liigber  the  proportioo  of  rssin  prssent  For  praetieal  piirpoeei 
the  amount  of  ash  found  in  the  boat  after  oombuetioo  is  euOcieotlj 
near  the  truth ;  if  greater  accuracy  is  desired,  it  should  bs  estimated  in 
the  washed  rubber,  before  extraction,  bj  incinerating  in  a  platimuB 
capsule. 

The  following  tablee  show  the  mean  values  for  the  loee  00  washing,  oilj 
and  rssinotts  matten,  oxygen,  and  ash  of  a  number  of  diflerent  brands  of 
india  rubber. 


TnultNiBML 

LoMon 

WMhiBg. 

Oibsad 

0.79m. 

▲A. 

Psri,  bAid  euro, 

^ 

,\ 

l\ 

.\ 

.,     aoft     ., 

17 

2-6 

1-4 

0-2 

Srfsi, 

ta 

71 

... 

1-4 

S6 

2-6 

»•• 

... 

PWroTiuiBdi.    . 

22 

8-6 

M« 

1-4 

Ounttm     .       .       .       . 

26 

2-2 

M* 

••• 

0Mia(MMii90bft) 

22 
24 

2-0 
6*8 

1-6 

274 

KioMsgna  8or»| 

21 

62 

6-2 

ft-2 

OsmfaS.     . 

28 

7-4 

... 

2-4 

QabooB.      . 

22 

... 

... 

••• 

MsBohTwist, 

2ft 

7-4 

4*4 

07 

Ugoi. 

22 

4*8 

2-2 

0-ft 

OoacoBdl 

28 

80 

4*0 

0-8 

ffiena  Lton*.  red. 

26 

... 

2-2 

1-f 

whit«,    . 

28 

. 

2-1 

2-1 

L»pori,       . 

12 

2*8 

2'2 

.. 

lESmilftd, 

8 

8*8 

6ft 

— 

„       blMk, 

10 

4*0 

ftJ 

22 

Aag^bbdl. 

26 

*•* 

MownbiqiMS 

16 

61 

7-2 

"-r-El^*;  : 

20 
22 

8-4 
8*8 

4-2 

1          "■• 
20 

AMm^Skim, 

24 

187 

14 

4-8 

Bom**,      . 

48 

2-2 

rft8 

27 

Bansooa 

17 

u-o 

7-4 

47 

It  sbould  be  deariy  understood  that  the  peroeotages  figuring  kk  the 
different  cohuuns  of  theee  tablee  are  not  all  ealeulated  npoo  the  enide 
rubber.     Indeed,  thk  ia  onty  the  caee  for  the  * loes  on  washing.'    TWoOs 
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and  resins  sre  calculated  upon  the  washed  rubber,  the  oxygen  and  the  ash 
upon  the  washed  and  extracted  rubber. 

The  '  loss  on  washing'  of  a  given  brand  of  iudia  rubber  can  hardly  be 
looked  upon  as  an  indication  of  its  intrinsic  quality.  Its  importance  lies,  of 
oourse,  in  the  fact  that  its  amount  proportionately  influences  the  price  of 
the  rubber  in  its  manufacturing  condition.  Nor  is  the  amount  of  ash 
found  in  a  sample  of  india  pibber  a  matter  of  much  moment  from  the 
technological  point  of  view,  although  its  estimation  from  time  to  time 
serves  as  a  useful  check  of  the  efficiency  of  the  washing  operation  in  the 
factory.  On  the  other  hand,  the  percentage  of  oils  and  resins  in  a  given 
sample  of  india  rubber  has  an  important  bearing  upon  its  behaviour  in 
manufacturing,  and  upon  the  quality  of  the  manufactured  goods.  Generally 
speaking,  a  rubber  will  prove  the  *  softer'  in  working,  the  higher  the  per- 
oentage  of  oily  and  resinous  matter  it  contains.  This  is  roughly  true  for 
rubbers  from  all  sources,  and  absolutely  true  for  different  lots  of  the 
same  brand.  The  efTcct  of  these  oils  and  resins  is  therefore  invariably  to 
facilitate  the  compounding  and  the  mechanical  working  of  the  rubber  in 
general,  and  for  this  reason  their  presence  in  rubber  would  not  appear  to 
be  objectionable,  but  only  becomes  so  in  those  rubbers  in  which  the  amount 
of  these  resins  is  liable  to  vary  between  wide  limits.  The  objection  in  the 
latter  case  rests  upon  the  fact  that  the  resins  exert  a  very  distinct  retarding 
effect  upon  the  vulcanisation,  and  tend  to  produce  'shortness'  in  the 
manufactured  article.  The  technological  effect  of  the  oxygen  in  the  india 
rubber  seems  to  have  been  altogether  overlooked  up  to  now.  Its  retarding 
effect  upon  the  vulcanisation  process  is  quite  remarkable,  and  likewise  the 
considerable  reduction  of  the  elasticity  of  the  manufactured  article. 

A  careful  consideration  of  the  above  points  enables  us  to  judge  in  a 
very  satisfactory  manner  the  relative  commercial  value  of  a  given  sample 
of  india  rubber  in  reference  to  a  standard  sample  of  the  same  brand.  To 
a  certain  point  these  determinations  will  also  enable  us  to  compare  two 
samples  of  different  brands  of  india  rubber,  but  it  should  be  well  under- 
stood that  they  are  entirely  inadequate  for  the  estimation  of  the  intrinsic 
Talue  of  the  pure  rubber  contained  in  one  brand,  as  compared  with  the 
value  of  the  pure  rubber  contained  in  another  different  brand  of  india 
rubber.  We  have  seen  that  all  the  different  brands  of  india  rubber 
contain  as  chief  part  the  same  hydrocarbon  (see  page  11)  CioHjg,  but  it 
is,  on  the  face  of  it,  most  improbable  that  this  similarity  should  extend 
beyond  the  empirical  formula.  We  possess  no  chemical  evidence  at  the 
present  time  of  any  structural  chemical  difference  between  the  india  rubber 
hydrocarbons  of  different  brands  of  commercial  india  rubber,  but  it  is  an 
absolute  certainty,  well  known  to  every  manufacturer,  that  the  different 
brands  of  india  rubber  vary  considerably  in  their  behaviour  under  manu- 
facturing conditions.  Thus  we  distinguish  between  quick  and  slow 
vulcanising  rubbers ;  we  know  from  experience  that  certain  brands  of  rubber 
form  satisfactory  products  if  vulcanised  with  chloride  of  sulphur,  others  do 
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not  admit  of  thb  kind  of  TnUaniMUon.  Th&f  m  rmogat  of  India  ntbbar 
which  oxperianoe  has  protad  to  ba  partieokiij  auitabla  for  nibbar  ahoai, 
othan  isr  alaatio  thread,  othara  for  watarprooAog,  aod  again,  othaia  for  tha 
maoulMtiira  of  abooita. 

Mailing  full  allovanoa  for  this  fact  that  the  India  rubber  maoufaaliirar 
ia  praetioallj  onlj  intaraatad  in  tha  pbjtioal  property,  and  takea  onlj  tha 
alightaat  oogniaanea,  if  aoj,  of  tha  ohamiaal  aide  of  hia  mannfartora,  it  la, 
naTarthaleai,  remarkable  that  no  raaotioo  ia  known  at  praaeot  which  would 
aUow  oa  to  differentiate  any  of  the  India  rubber  hjrdrooarbona  ttom  all  tba 
othera. 

The  following  lyooptioal  tablea,  eompriatog  all  important  biaada  of 
india  rubber,  their  geographical  and  botanical  origin,  gaoaral  appaaimnoe^ 
technical  and  analytical  oonatanta^  will  ba  fbond  naafnl  for 
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CHAPTER  ni. 

EXAMINATION  OF  INDIA  BUBBER  SUBSTITUTES. 

(A.)  Beclaimed  or  Recovered  India  Rubber. 

Op  late  years  the  use  of  reclaimed  or  recovered  india  rubber,  and,  as  a 
natural  consequence,  the  manufacture  of  this  article,  has  assumed  very 
large  proportions  indeed.  The  raw  material  is  always  either  factory  scraps 
and  cuttings,  or  old  and  worn-out  rubber  articles  of  every  description. 

Generally  speaking,  the  recovery  consists  in  such  a  treatment  as  to 
restore  to  the  india  rubber  contained  in  those  scraps  and  old  articles  its 
original  plasticity  and  solubility  in  the  technically  used  solvents,  together 
with  its  capability  of  vulcanisation.  It  is  generally  considered  that  the 
last  named  requirement  is  the  most  difficult  to  attain,  the  current  idea 
evidently  being  that  this  desirable  result  has  the  more  or  less  complete 
devulcanisation  of  the  waste  rubber  as  its  necessary  condition.  But  it  is 
easily  shown  that  the  capability  of  recovered  india  rubber  to  vulcanise  is 
necessarily  consequent  upon  the  restoration  of  plasticity  in  the  vulcanised 
india  rubber.  As  we  have  seen  in  the  discussion  of  the  vulcanisation 
problem,  the  amount  of  sulphur  entering  into  actual  combination  with 
india  rubber  is  not  limited  to  the  small  proportion  of  combined  sulphur 
found  in  ordinary  india  rubber  articles,  a  proportion  rarely  exceeding 
3  per  cent.  Vulcanised  india  rubber,  as  far  as  the  process  of  vulcanisation 
can  be  chemically  interpreted  at  the  present  time,  is  an  addition  pro- 
duct of  the  unsaturated  polyprene  molecule  and  sulphur.  But  this 
addition  product  is  still  a  hi<(hly  unsaturated  body — so  much  so,  that 
out  of  thirty  individual  ethylene  bonds  in  vulcanised  india  rubber,  on 
an  average,  and  under  ordinary  circumstances,  not  more  than  two 
can    have    become  saturated   by  sulphur   addition.^      This   holds   true, 

'  This  calculation  is  based  on  the  consideration  that,  according  to  Gladstone  and 
Hibbert,  india  rubber  for  each  C]oUje  complex  contains  three  ethylene  bonds,  and 
further,  that  the  process  of  sulphur  addition  to  the  india  rubber  must  take  the  form  of 
either 

Y       Y^ 

I  +  8    =      I  >S       or 

c  c/ 

In  the  first  case,  for  the  formation  of  a  vulcanisation  product  containing  about  2*5  j>er 
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whatever  maj  ereotuallj  be  found  to  be  the  ifaM  of  the  indk  nibber 
moleeale. 

Now,  it  ie  well  known  that  TwUieniition  produott,  with  enj  amount 
of  eonbioed  eulphur  up  to,  and  moet  probablj  eieeodlag^  SO  per  eeoL, 
maj  be  produoed  under  euitable  oooditiooe ;  and,  from  the  oompodtioo  of 
the  addition  producta  poljprene  forma  with  bromine  or  with  sulphur  moao> 
ehloride,  we  maj  infer  that  at  leatt  twenty  out  of  the  thirty  ethjleoe  boodi 
ooeurring  in  anj  given  oomplex  of  India  rubber  moleeolee  eaa  ■*— "^!^«y»- 
outljr  enter  into  the  prooeee  of  forming  an  addition  product.  Coneequently 
there  la  no  theoretloal  objeotioo  to  a  true  'reTuloaniaatkm'  of  Tuleaoieed 
iiidia  rubber  if  we  auooeed  in  remoring  the  phjaical  eflbeli  of  the  original 
Tuloaniaation — in  other  words,  if  we  rostore  to  the  Tulosniaed  india  rubber 
the  pUsticitj  which  charMteriaea  it  in  its  primitive  eooditioo.  In  the 
prooem  of  rsvulcanisation,  eome  of  those  ethylene  bonds  which  remained 
intact  in  the  first  vulcanisation  then  oome  into  play  and  take  up  tlie 
sulphur  preeeot  This  process  of  recovery  and  revulcanisation  can, 
moreover,  be  repeated  as  long  as  the  recovered  iodta  rubber  oontaina  any 
free  ethylene  bonds,  although  there  is  no  doubt  that  the  quality  of  the 
india  rubber  deterioratee  rapidly  with  each  successive  revulcaniaatioo. 
This  is  only  what  is  to  be  expected,  consklering  that  with  each  sueeewTe 
vulcanisation  we  obtain  a  product^  the  compoaition  and  constitution  of 
which  exhibits  an  increasing  difference  from  the  composition  and  000- 
stitution  of  the  primary  Tuloanisation  product  For  whereas  the  latter 
is  a  very  highly  unsaturated  body,  with,  at  the  outskle^  9  per  cent  of 
sulphur,  each  sucoeasive  rsvulcanisation  increases  the  eooatitatioQal 
satunition,  and  likewise  the  percentage  of  combined  sulphur  in  the  prodnelw 
This,  in  my  opinion,  sufficiently  explains  the  fact  of  the  already  alluded 
to  deterioration  of  the  product  with  each  revulcanisation — a  faet  which  is 
certainly  no  more  surprising  than  the  extraordinary  change  of  peopertiea 
following  upon  the  successive  saturation  of  radicals  in  the  benasoo 
ring. 

In  the  above  it  is,  of  course,  taken  for  granted  that  the  sulphur  of 
vulcanisation,  the  combined  sulphur,  is  not  removed  in  the  process  of 
recovery.  I  am  well  aware  that  this  assumption  is  not  shared  by  the 
manufacturers,  who  expressly  declare  their  recovered  india  rubber  to  be 
'devulcanised '  or  'desulphurised.'  This  decUration  ia,  no  doubt^  made  on 
tlio  strength  of  the  fact  that  recovered  rubber  can  be  revuloanised,  the  idea 
being  that  to  produce  this  result  is  only  possible  by  rsmovfaig  the  ohemieal 
cause  of  the  first  vulcanisation.  Analysia  of  any  sample  of  leoowetod  iodia 
rubber  will,  however,  at  once  show  this  oonolusion  to  be  errooeoos.  aa  io 
no  ease  is  the  combined  sulphur  found  to  have  been  eliminated,  ahhoqgk 
most  processes,  patented  or  otherwise,  for  the  rseovery  of  india  rubber  aim 
at  this  result    It  will,  indeed,  be  generally  found  that  the  apparently 


eant  of  8,  IOOmHm  oootsiahig  thirty  sH^Imm  bonds  woold  oombfaM  with  IB ;  hi  tho 
oooond  ou^  SOOi^Hm  with  2a 
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promising  of  these  prooesses  are  just  those  that  fail  most  conspicuously  to 
yield  a  satisfactory  product.  The  most  satisfactory  processes  are  invariably 
those  in  which  no  account  is  taken,  chemically,  of  the  combined  sulphur, 
but  where  such  means  and  agencies  are  employed  as  have  been  found  to 
result  merely  in  the  restoration  of  the  original  plasticity  of  the  India 
rubber. 

Analysis  of  a  number  of  representative  commercial  brands  of  recovered 
india  rubber,  and  some  others  that  I  prepared  myself,  gave  the  following 
figures: — 


I. 

II. 

III. 

IV. 

V. 

VI. 

lloistura.         .        . 

•60 

•81 

•82 

•14 

Oils  and  resiiu, 

10-23 

10-62 

9-85 

18-63 

19-44 

19-04 

Fe,0,  and  Al^O,.      . 

•77 

1^01 

-88 

•79 

•88 

•19 

PbO.        . 

14-20 

... 

15-30 

... 

... 

... 

PbSO*,    . 

8-29 

18-88 

10-81 

,, 

ZnO,        . 

... 

... 

... 

... 

28"89 

2i-b8 

CaCX)»     . 

lo-ki 

... 

... 

casoj;   .      .      . 

21-93 

26-'20 

22"77 

... 

... 

... 

BaSO^,     . 

... 

. 

... 

... 

26-'86 

Carbon,   . 

7-64 

8"27 

8-'49 

... 

... 

Sfree,      . 

•88 

•62 

•61 

-20 

*"l6 

trace 

S  combined,     . 

8-92 

2-46 

2-71 

4  84 

4-16 

2-28 

I.  K.  sabstitnte, 

... 

... 

... 

... 

9-26 

India  mbber,   . 

26-32 

3i-i2 

28-26 

76-63 

60-83 

27-84 

Price  per  lb.,    . 

6id. 

Hid. 

l/6id. 

... 

... 

These  figures,  to  begin  with,  show  that  in  the  recovered  india  rubber  of 
commerce  the  price  bears  no  relation  to  the  quantity  of  india  rubber  actually 
present.  It  may  be,  and  certainly  is,  influenced  by  the  quality  of  the  india 
rubber  present,  which  is  a  point  respecting  which  we  are  unable,  at  any  rate 
at  present,  to  give  an  account  in  our  analyses.  But  it  is  perhaps  worth 
pointing  out  that  in  the  above  commercial  samples  (I.  to  III.)  the  price 
rises  in  a  ratio  which  cannot  possibly  represent  the  ratios  of  the  values  of 
the  original  india  rubbers  contained  in  the  scrap  from  which  respectively 
these  three  qualities  of  recovered  india  rubber  were  obtained.  Likewise 
these  analyses  show  that  commercial  recovered  india  rubber  is  loaded  with 
a  very  considerable  amount  of  mineral  matter.  Sample  III.  is  considered 
a  very  high  class  article  of  its  kind,  but  it  contains  as  much  mineral  matter 
as  sample  I.,  which  is  sold  as  a  low  quality.  As  to  the  advantage  to  the 
manufacturer  of  this  commercial  recovered  india  rubber,  a  simple  calcula- 
tion of  the  price  of  I  lb.  of  india  rubber  in  those  samples  will  be  found 
highly  instructive. 

From  the  chemical  point  of  view,  the  respective  figures  for  free  sulphur, 
combined  sulphur,  and  india  rubber  first  attract  attention,  especially  if  we 
calculate  in  every  case  the  percentage  of  the  two  first  named  items  in  rela- 
tion to  the  india  rubber.     We  then  obtain : — 
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L 

n. 

IIL 

IT. 

T, 

n. 

lBdtenbb«r,  .       . 

8-84 

14-88 
100-00 

1-00 

7*90 

100*00 

I'lft 

0*80 

100-00 

-28 
8-88 

100*00 

•20 

817 

100-00 

100-00 

What  itrikot  oae  Tory  foreiblj  in  Umm  figures  it  tho  onormooi  propor> 
tkNi  of  iulpbur  of  ▼lUcanJiation  wbieh  in  orerj  omo  fiur  wopadi  tbo  pcopor- 
tion  ever  ooourring  in  anj  oonuneroiAl  TulouiiMd  india  robber  mMinlMtttrad 
from  India  rubber  in  iu  uatire  lUte.  Tbe  tint  tbroe  tamplci  of  ooaunoieinl 
reooTored  india  rubber  are  particularly  remarkable  in  thia  reepeet»  ai^  to 
to  begin  with,  tbe  total  lulphor  (f ree -i- oombined)  thej  oootain  i%  in  tbe 
ease  of  I.,  about  double  the  usual  amounti  and,  even  in  the  oaee  of  IL  and 
1 11^  either  eloee  to  or  distinotlj  abore  the  highest  limit,  whieh  ie  about  10 
per  oent  Tlie  samples  IV.  to  VL  show  an  amoont  of  total  solphur  whieh 
is  well  within  the  praoticaillj  adopted  limit,  but,  neTerthelev,  eren  in  these 
three  samples  the  amount  of  combined  sulphur  is  extrMtrdinarily  high, 
showing  peroeotages  which  in  ordinary  vulcanisation  are  never  obtained, 
and  perhaps  even  not  obtainable. 

For  the  elucidation  of  this  surprising  fsot,  ss  far  as  the  samples  L  to 
III.  are  eonoeraed,  we  have  no  available  data.  As  regards  the  samples  lY. 
to  YI.,  these  were  '  recovered '  from  vulcanised  india  rubber  (Pari),  whieh 
before  recovery  showed,  on  analysis,  the  following  ratios  between  solphnr 
and  india  rubber : — 


nr. 

▼. 

VL 

SfrM.      .          .          . 

SeoSkiied.    .        . 
India  rablwr.  . 

4*88 

212 
100-00 

8*40 

2*80 

100-00 

8-42 

2-47 

100-00 

To  begin  with,  we  see  from  these  figures  that  in  the  reoovery  prooess  the 
peroentage  of  total  sulphur  is  decreased,  partly,  ss  will  be  shown  later  on, 
through  some  of  the  sulphur  volatilising  as  such,  partly  through  the  evolo- 
tion  of  sulphuretted  hydrogen.  But  still  more  important  is  the  fi^t  that 
theee  figures  show  rery  clearly  that  the  bulk  of  the  free  solphnr 
enters  into  combination  with  the  india  rubber,  so  that  the  rseoveij 
not  only  effects  no  devulcanisation,  but  actually  results  in  a  higher  degree 
of  Tulcanisatioo  of  the  already  Tulcanised  india  robber.  This  al  ooee  shows 
oondusively  that  the  eflScienoy  of  the  reoovery  prooses  depends  entMlj 
upon  the  solvent  or  softening  actions  of  the  oils  or  hydrooarboos,  which,  as 
far  as  my  ezperisDoe  goes,  are  at  preeent  invariably  employed  in  all  india 
rubber  reoovery  proessssa.  It  is  also  obrioos  that  tbe  iptmit  inlMoffity 
of  even  the  best  recovered  india  rubber  to  the  native  artiele  is  doe  to  this 
further  vulcanisation  during  the  process  of  reooveiy. 
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It  would  be  exceedingly  luUTcsliug  to  examine  the  effect  of  tliis 
reooTery  upon  an  India  rubber  article  largely  or  entirely  composed  of  once 
recovered  india  rubber.  It  ia  almost  certain  that  such  successive  recoveries 
will  result  in  a  progressive  increase  of  the  combined  sulphur  of  vulcanisa- 
tion, and  a  consequent  rapid  deterioration  in  value  of  the  recovered 
product ;  and  I  suggest  that  this  theory  might  be  found  to  account  for  the 
enormous  percentages  of  combined  sulphur  in  the  above  samples  I.  to  III. 
Whether  such  successive  recoveries,  independent  of  the  quality  of  the 
recovered  product,  can  be  effected  a  number  of  times,  leading  eventually  to 
a  saturated  polyprene  polysulphide,  or  whether  there  is  a  limit  to  this 
number,  and  by  what  that  limit  is  determined,  cannot  at  present,  in  the 
absence  of  all  experimentid  data,  be  decided.  There  can  be,  however,  no 
doubt  that  the  recovery  processes  at  present  conducted  must,  after  a  few 
repetitions,  yield  products  no  longer  suitable  for  manufacturing  purposes. 

Information  as  to  the  actual  recovery  processes  employed  is  very  scarce, 
the  methods  employed  being  kept  jealously  secret.  From  this  it  should 
not  be  inferred  that  these  processes  are  of  any  particular  merit — indeed,  the 
analysis  of  any  sample  of  commercial  recovered  india  rubber  amply  proves 
them  to  be  of  a  highly  primitive  and  empirical  description.  Tlie  fact 
that  every  sample  of  recovered  india  rubber  contains  from  8  per  cent. 
upwards  of  mineral  oils,  sometimes  even  fatty  oils,  or  a  mixture  of  tlie  two, 
shows  that  the  recovery  process,  generally  speaking,  consists  in  treating 
the  vulcanised  india  rubber  with  oil  under  certain  conditions.  The  oils 
I  have  so  far  found  in  samples  of  recovered  india  rubber  are  either 
ordinary  mineral  oils,  such  as  vaseline  oil,  petroleum  jelly,  or  rosin  oil ;  or 
vegetable  and  fatty  oils,  such  as  castor  oil  or  colza  oil.  Experiment  shows 
that  the  action  of  any  of  these  oils  upon  vulcanised  india  rubber  at 
ordinary  temperatures  is  extremely  slow,  but  quickens  as  the  temperature 
rises.  The  best  resulta  appear  to  be  obtained  at  temperatures  lying  below 
the  upper  limit  of  the  range  of  temperatures  at  which  vulcanisation  is 
carried  out.  The  heat  may  be  applied  to  the  mixture  of  vulcanised  india 
rubber  and  oil,  either  externally,  or  by  treating  the  mixture  in  closed 
vessels  with  superheated  stoam  at  the  requisite  temperature,  or  the  two 
modes  of  heating  may  be  combined.  The  latter  is  most  probably  the  way 
by  which  the  best  results  are  obtained. 

This  recovery  process  can  scarcely  be  expected  to  effect  devulcanisation 
of  the  vulcanised  india  rubber,  and,  indeed,  as  I  have  shown  above,  it 
actually  does  just  the  reverse.  Of  processes  devised  to  accomplish  de- 
vulcanisation,  as  distinguished  from  mere  recovery  as  above  outlined, 
only  two  or  three  have  been  proposed.  The  first  is  due  to  A.  F.  B. 
GoBNBBS  (Germ.  Pat,  62,738/1892),  and  consists  in  the  treatment  of  the 
vulcanised  substance  first  with  iron  filings  and  dilute  sulphuric  acid, 
followed  by  treatment  with  some  alkaline  solution.  The  less  said  about 
this  process  the  better.  Another  process  proposed  by  Mich  el  in  <k  Co. 
(Germ.  Pat,  75,063/1894)  looks  more  rational.     It  is  based  upon  the  well- 
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known  affinity  of  finelj  •obdiTidcd  meUk,  tiidi  m  ooppor,  tin,  UmI, 
maroory,  and  otben,  for  lulphur.  It  is  piopoied  to  mil  than  mttih 
intimatalj  with  tho  india  rubber  to  bo  dimilnanlaod,  than  to  ti«at  tliia 
mixture  with  an  indiffbrent  india  rubber  aolvanti  tuob  at  *«f*iftnft  tohiMM, 
ohloroform,  or  oarbon  bieulphide.  It  it  stated  thai  under  theat  eonditiaan 
doTuloaniaation  takee  place,  the  rogonarated  india  rubber  paaring  into 
aolotioo.  Yary  aimiUur  to  this  ia  Onniini  Patent  (Eng.  Pat,  19,284/1893), 
aooordiiig  to  which  the  ruloaniaed  india  nibber,  containing  from  0  to  8 
par  oant  of  tulphur,  is  treated,  under  a  pramure  of  three  or  four  al> 
moqtbares,  and  with  constant  agitation,  with  thrsa  and  a  half  tiraea  its 
weight  of  toluene  and  one  fourth  its  weight  of  tin,  or  any  other  aulphida 
forming  metal.  The  heating  is  continued  for  eight  bonr%  whan  the  lesohinf 
solution  is  poured  off  and  allowed  to  MttlsL 

It  is  hardly  probable  that  any  of  these  processes  will  answer  its 
purpoee:  certainly  not,  unless  the  combined  sulphur  in  Tuloanised  india 
rubber  proTes  to  be  Car  more  sctiTc  than  we  know  it  to  be  in  other  organic 
sulphides — an  assumptioD  not  warranted  by  facta. 

There  is,  however,  yet  another  kind  of  recoTered  india  rubber  in  the 
market,  mention  of  which  should  not  be  omitted.  This  is  the  india  rubber 
recovered  from  the  cuttings  of  waterproof  cloth  rulcanised  by  the  eold 
process  (Parkb's).  In  this  case  the  aim  is  to  free  the  cuttings  from  all 
textile  materials.  The  remaining  india  rubber  scraps  represent  only  semi- 
Tulcanised  india  nibber,  owing  to  the  cold  vulcanising  proosas  leaving  the 
deeper  layers  or  coats  of  india  rubber  on  the  cloth  almost  ontooebed,  and 
consequently  these  scraps  can  again  be  worked  up  into  coherent  masssa 
between  hot  rollers.  This  kind  of  recovered  india  rubber,  at  eouiaa,  still 
contains  the  chlorine  derived  from  the  sulphur  moooehlotide,  and  aoo- 
sequeutly  it  cannot  be  used  for  'dry  heat'  mixings,  but  should  sgain  be 
used  for  the  manufacture  of  '  cold  cured '  artioles. 

A  great  number  of  purely  empirical  prooeasea  for  the  recovery  ci  india 
rubber— that  is,  prooeeses  not  based  upon  a  well-understood  chemical 
rsaotion— have  been  snggasted  and  patented.  None  of  them  solves  tha 
queation  of  daruloanising  the  india  rubber.  At  moat,  an  attempt  haa 
been  made  to  remove  the  free  sulphur  by  boiling  the  ground  scraps  with 
aqueous  solutions  of  alkalies  or  alkaline  carbonates.  It  is  scarcely 
doubtful  that,  with  a  view  to  ultimate  dcvulcanisation,  the  removal  of  the 
free  sulphur  is  of  great  importance,  and  this  is  also  easfly  and  ebaaplj 
accomplishable ;  but  the  attempt  to  effect  final  devuloaniaation  by  tiaat- 
ment  of  this  partly  desulphurised  india  rubber  with  ordinary  robber 
solvents  is  certainly  inadequata.  What  ia  evidently  required  ia  a  treat- 
ment with  reducing  agents,  and  from  that  pofait  of  view  some  of  tha  above 
quoted  patents,  employing  metals  in  the  moleoolar  stats^  M'P^'^  rationsL 
Experiments  I  made  in  this  dirsotion  gave^  howavar,  osoat  diaeoomging 
reaults.  Nevertheless,  further  reaearoh  on  theae  Unaa  abonld  be  madai  It 
must  be  borne  in  mind  that  the  oonditiooB  of  these  radoetioQ 
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in  which,  as  long  as  metallio  powders  are  employed  as  reducing  agents, 
both  the  reducing  agent  and  the  body  to  be  reduced  are  present  and 
reinain  throughout  the  process  in  the  solid  stat^  are  not  very  conducive 
to  succeea.  The  vulcanised  india  rubber  being  unavoidably  solid,  the 
reducing  agent  should  certainly  be  liquid,  or,  if  a  solid,  it  should  be  used 
in  solution.  If  this  is  so,  the  use  of  metallio  reducing  agents  will  have 
to  be  abandoned,  and  liquid  or  soluble  reducers  should  be  tried  instead. 

The  analysis  of  recovered  india  rubber  is,  of  course,  carried  out  on 
exactly  the  same  lines  as  that  of  ordinary  india  rubber  articles.  The 
▼arious  poiuts  to  be  determined  are: — 

1.  Specific  gravity. 

2.  Acetone  extract. 

8.  Nitrobenzene  (nitro-naphthalcno)  extracts. 

4.  India  rubber  substitutes  (fatty)-  /  ^/?  substitute. 

I  CI  m        „ 
6.  India  rubber— combined  S. 

6.  Carbonaceous  matter. 

7.  Mineral  constituents. 

The  working  details  of  these  analyses  will  be  found  in  a  later  chapter. 

A  few  words  are,  however,  necessary  concerning  the  interpretation  of 
the  analytical  results,  for  the  simple  reason  that  data  which  would  be  con- 
sidered satisfactory  in  an  ordinary  india  rubber  article  would  at  once 
condemn  a  sample  of  recovered  rubber,  and  vice  versd. 

1.  Specific  Gravity  Determination. — This  is  carried  out  in  the  usual 
manner  by  means  of  the  pyknometer.  The  test  is  of  comparatively  little 
importance. 

2.  Acetone  Extract. — The  ratio  between  the  percentage  of  acetone 
extract  and  that  of  india  rubber  present  in  the  sample  is  of  considerable 
moment  in  judging  the  intrinsic  quality  of  a  sample  of  recovered  india 
rubber.  It  may  safely  be  assumed  that  the  higher  this  ratio,  the  poorer 
is  the  quality  of  the  recovered  india  rubber.  The  amount  of  acetone 
extract  is  indeed  a  reliable  index  of  the  efficiency  of  the  process,  which- 
ever it  be,  by  which  the  recovery  has  been  effected,  especially  if  we  calcu- 
late the  percentage  of  acetone  extract  upon  the  actual  amount  of  india 
rubber  present.  In  doing  this,  it  will  be  found  that  the  vast  majority  of 
commercial  brands  of  recovered  india  rubber  rarely  yield  less  than  20  per 
cent,  of  extract.  The  extracted  residue  will  then  frequently  be  found  to 
consist  of  a  dry,  crumbly  mass,  possessing  very  little  elasticity  and  still 
less  plasticity.  The  value  of  such  a  recovered  india  rubber  is  scarcely 
higher  than  that  of  a  mixture  of  ground  rubber  scraps  (vulcanised),  with  a 
corresponding  proportion  of  oil.  In  a  good  recovered  india  rubber  the 
percentage  of  oils  or  hydrocarbons  should  be  below  10  per  cent  (the  lower 
the  better),  and  the  residue  after  the  extraction  should  itself  possess  an 
appreciable  amount  of  plasticity.  When  this  is  not  the  case,  the  manu- 
iiicturing  value  of  the  recovered  sample  is  really  only  that  of  a  mere 
*  filling  * — !.«.,  bulk-giving  substitute. 


I 
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In  IDMIJ  amm  it  m&y  aisu  bo  aaviAi&bio  to  ^Tainifu^  the  luturo  of  the 
ftoeione  eitr»ot  ipedficalljr,  bj  MtiouUitig  Uie  amouut  of  MpooifiAble  tnatier 
it  oontaim  bj  Korrmoftnn's  pipoeM.  Tb«  npooifiQAtkNi  onmbar  of  the 
oxtrkot  sboald  bo  ▼ery  low,  m  tho  pr>Mnot  d  ui  appraokblo  qnaotitj  of 
fattjr  oil  io  rsoofered  India  rubber  it  Apt  to  mwm  Mriout  tfoobU.  It 
booomeii  thndon,  rarolj  ntommrj  to  mtiompt  tbo  IdantiSeatioo  of  toj 
Ikttjr  oil  proMQti  but  it  is  goaoimllj  dotiimblo  to  ooorart  th«  obtanred 
■apooifloation  number  into  a  figure  eipreeiing  the  pereentage  of  lat^  oil 
in  the  eztraot  The  kind  of  fattj  oil  preMot  being  gwierally  unknown,  tlie 
•impleet  way  toward*  an  approximation  it  to  aaoribe  io  the  fatty  oil  a  mean 
laponifioation  number  of  190.  The  percentage  of  Catty  oil  in  the  eitraei 
may  then  be  oaloulated  by  means  of  the  formula, 

y  _  lOOa 

in  which  n  it  the  number  of  milligrammet  of  potaattum  hydroxide  that 
ditappeared  in  the  tapontfication  procetsi.  and  w  the  wdii^t  of  tho  acetone 
extniot  used  for  saponification. 

3.  NitrobenieDeBztract(oold;.— ihi^i'io.-r^.,  ^Mjj.'^'.  1  !^,  11  :.i,i  ,■  • 
(tee  page  243)  for  the  detection  of  asplialtum  in  indi.i  rubUr  iirtx  i.  •^,  ti>  iv 
be  employed  for  the  same  purpose  in  the  analysis  of  recoTered  india  rubber. 
The  procees,  is,  howsTer,  toaroely  a  rery  tatisfaotoiy  one,  at^  00  the  one 
hand,  not  erery  tpeoimen  of  asphaltum  is  readily  or  oompletdy  tolnble  in 
tlightly  warm  nitrobeniene,  and,  on  the  other  hand,  coal  tar  and  ooal  tar 
preparations,  which  are  fireely  employed  in  the  production  of  a  number  of 
india  rubber  manufaoturet,  will  also  diasolre  to  greater  or  lett  extent  in 
the  same  solrent.  Its  usefulness  is,  however,  unqnettkmable,  as  it  permits 
of  the  remoral  of  certain  organic  non-rubber  oomponenit,  which  oould  not 
be  eliminated  either  by  the  acetone  extraction  or  by  the  Uter  treatment 
with  alcoholic  eanttio  toda. 

4.  India  Rubber  Snhstitatee  (fatty).— The  deteetion  and  ettimation  of 
theee  Tery  Urgely  uted  totalled  substitutes  is  based  upon  the  aapooifjing 
action  of  alcoholic  eanttio  toda  upon  them.  Thit  Taluable  pwoeat,  idiieh 
is  also  due  to  Hnnuqois,  it  fully  detoribed  in  a  later  portion  of 
thit  book.  To  obtain  the  correct  figure  of  the  tulphur  of  Tulcanisation 
contained  in  the  india  rubber  of  a  sample  of  recoTored  mbber,  the  de- 
termination of  the  sulphur  in  the  toda  extract  is  inditpentahle.  The  tett 
for  chlorine  and  its  determination  in  this  extract  thonld  likewite  never  be 
omitted. 

5.  India  Bnbber  tod  Combined  Sulphur.— The  «unple  whieh  hat  tarred 
for  the  three  Ust  named  testa  ia  carefully  dried  under  oonditiont  pre?eoting 
its  oxidation,  and  aocurately  weighed  out  into  two  exaotly  equal  portinnt 
one  of  which  terree  for  the  ettimatioo  of  the  india  rubber,  the  other  for  the 
detemdnaticQ  of  the  oombined  sulphur.  The  ptoeesest  adopted  u%  of 
courts  exactly  the  tame  at  thote  uted  in  the  analytb  of  oidlnanr  india 
rubber  artioletw 
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6.  OarboDaceoas  Matter,  and  7.  BCineral  Constituents.— Tho  insoluble 
rsBidue  remaining  after  the  resolution  of  tho  india  rubber  by  means  of  boil- 
ing nitrobenzene  rettiins  all  the  mineral  and  carbonaceous  matter  contained 
in  the  original  sample.  It  may  also  contain  vegetable  and  animal  fibres. 
The  separate  estimation  of  these  in  the  presence  of  carbonaceous  matter  is 
scarcely  feasible,  but  their  presence  should  be  noted  as  objectionable.  The 
determination  of  the  carbon,  or  oirbonaceous  matter,  in  cases  where  an 
absolutely  correct  analysis  is  required,  is  rather  troublesome.  It  is  carried 
out  as  deecril)ed  iu  Chap.  IX.  (page  252).  Where  no  carbonaceous  matter 
is  present)  the  usual  lines  of  inorganic  analysis  are  followed. 

The  most  important  criteria  as  to  the  quality  of  a  sample  of  recovered 
rubber  are  the  amounts  of  india  rubber,  free  sulphur,  and  sulphur  of  vul- 
canisation present  As  regards  free  sulphur,  I  consider  its  presence  in  any 
appreciable  amount  as  a  sure  indication  that  not  even  an  attempt  at  de- 
vulcanisation,  the  only  satisfactory  aim  of  recovery,  has  been  made.  Any 
treatment  calculated  to  eliminate  the  sulphur  of  vulcanisation  would  be 
certain  to  eflfect,  in  the  first  instance,  the  removal  of  some  of  the  free 
sulphur.  No  doubt  it  is  quite  possible  to  remove  the  free  sulphur  without 
producing  devulcanisation,  so  that  the  absence  of  sulphur  in  this  form  could 
not  be  held  to  prove  that  even  a  partial  actual  devulcanisation  has  been 
effected ;  but  I  have  satisfied  myself  by  numerous  experiments  that  all 
known  processes  for  the  production  of  recovered  rubber,  when  carried  out 
in  the  presence  of  free  sulphur,  invariably  aflfect  the  result  detrimentally,  so 
that,  as  I  stated  above,  the  presence  of  free  sulphur  may  safely  be  taken  to 
prove  the  employment  of  an  irrational  recovery  process. 

All  recovering  processes  at  present  in  use,  as  far  as  is  known,  are 
carried  out  at  temperatures  above  150°  C.  At  this  temperature  free 
sulphur  contained  in  the  india  rubber  under  operation  may  partly  sub- 
lime, or  enter  into  combination  with  metallic  oxides  contained  in  the  india 
rubber,  or  interact  with  the  oils  or  other  substances  employed  in  the 
process.  It  is  therefore  even  possible  for  a  sample  of  recovered  rubber  to 
have  passed  through  the  recovery  process  with  all  the  free  sulphur  in  it, 
and  in  the  end  to  be  altogether  free  from  this  element.  Whether  this  can 
be  accomplished  in  this  manner  without  injury  to  the  rubber  it  is  impossible 
to  say  :  as  far  as  my  experiments  go,  they  show  that  this  result  can  only  be 
obtained  at  an  inordinately  high  temperature.  Such  a  sample  may  then 
contain  no  free  sulphur  and  still  be  objectionable,  as  in  this  case  freedom 
from  sulphur  has  been  purchased  at  the  expense  of  the  india  rubber,  which 
at  the  high  temperature  at  which  recovery  was  eflfected  underwent  partial 
decomposition.  It  is  therefore  important,  for  the  purposes  both  of  practical 
assay  and  of  experimental  research  on  the  question  of  recovery,  to  possess 
means  to  enable  us  to  detect  the  presence  of  decomposition  products  of 
india  rubber  in  the  recovered  article. 

Now,  the  fact  that  such  decomposition  products,  if  present,  were  formed 
in  the  recovering  process,  not  so  much  through  chemical  action  as  through 
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the  Mtkm  of  hmt,  at  oom  foggarti  that  we  mmj  eipeet  thmn  to  bt  tob- 
■Udom  of  the  kind  we  enooaoter  MBoogit  the  produeti  of  the  dry  dietilletfaie 
of  india  rubber,  or,  what  it  eTeo  more  likelj,  eiiiiilar  to  thoee  obtained  in 
boiliug  India  rubber  in  nitrobemene.  But  in  either  ease  we  maj  eipcot 
them  to  be  soluble  in  acetone— in  other  wordt,  thej  will  form  part  of  the 
aeetooe  extimet,  the  importance  of  aaoertaining  which  we  have  alreadj 
diaoumed.  The  detection  and  eetimation  of  thece  decompoeitioo  produela 
in  the  prcMuoe  of  the  oiU,  resina,  and  paraffin  wax  almoat  invariably 
occurring  in  recotered  india  rubber  ie,  however,  no  eaajr  nmtter.  A  eepara- 
tion  of  these  subetancee  from  the  deoompotition  ptoduoli  ct  the  india 
rubber  hj  eolventa  appean  to  be  impoerible.  Fairly  latiilSMtory  resulta  may, 
however,  be  obtained  by  utilising  the  fact  that  the  decomposition  prodoets 
of  india  rubber  are  terpenoid  bodies,^  which  form  bromine  addition  prodnela 
containing  upwards  of  60  per  cent  of  bromine.  Theee  are  ineoloble  in 
alcohol,  and  very  difficultly  soluble  iu  bensene ;  whereas  any  bromine  addition 
or  subetitution  products  of  the  oils  occurring  in  recovered  india  rubber  are 
readily  soluble  in  both  alcohol  and  benaene,  and  also  in  a  mixture  of  the 
twa  Therefore,  if  we  dissolve  the  acetone  extract,  after  distilling  off  the 
acetone,  in  just  sufficient  of  a  mixture  of  two  volumes  of  benxeoe  with  one 
volume  of  absolute  alcohol  to  dissolve  the  whole  of  the  extcaot,  and  then 
add  bromine  to  slight  excess,  we  obtain,  if  decomposition  products  of  india 
rubber  are  present,  a  precipitate  consisting  of  the  bromine  addition  produete 
of  the  latter.  This  can  be  filtered  off,  and  should  be  washed  first  with  the 
mixture  of  benaene  and  alcohol,  and  finally  with  absolute  alcohol  It  is 
then  dried  at  a  temperature  not  exceeding  50*  C.  The  oomposition  of  thia 
bromo^erivative,  although  constant  for  the  aame  aample  of  vulcaniaad 
india  rubber  or  ita  decomposition  products,  is  not  so  for  different  samples  of 
vulcanised  india  rubber.  The  reason  for  this  has  been  already  fully  dealt 
with,'  but  for  our  present  purpose  has  to  be  borne  in  miud.  It  neoesst totes  an 
eetimation  of  the  bromine  in  the  dried  and  weighed  bromo^erivative,  and  from 
the  weight  of  the  latter  must  be  deducted  the  weight  of  the  total  bromine 
contained  in  it  The  result  gives  us,  then,  very  approximately  the  quantity 
of  soluble  decomposition  pnxlucta  of  the  india  rubber  of  a  given  aample  of 
recovered  rubber.     The  foUowing  figurea  were  obtained  in  thia 
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All  the  above  percentages  are  calculated  upon  the  India  rubber  ouly 
contained  in  each  sample,  irrespective  of  anything  else  present.  The  above 
acetone  extraota  consisted,  to  much  the  g^reater  part,  of  mineral  oil.  No.  1 
of  the  American  samples  contained  vaseline;  tiie  two  French  samples 
paraffin  wax. 

The  percentage  of  'decomposition  product'  contained  in  a  sample  of 
recovered  rubber  is  well  illustrated  by  the  following  analyses  of  three 
samples  prepared  from  the  same  ground  rubber  scrap  with  the  same  amount 
of  mineral  oil,  but  treated  at  different  temperatures. 


Sample. 


No.  1  treated  at  140*  C. 
No.  2  „  ,,160'C. 
No.  8       „      „185*C. 


6  grms.  yield 
Acetone  Extract 


p.c 
10*44 

10-84 

11-62 


grms. 
•522 

•642 

•681 


Bromo- 
DerivatiTe. 


grms. 
•149 

•289 

•826 


Bromine. 

Decompoeition 
Product. 

p.c. 
6174 

grms. 
•92 

grms. 
•057 

11; 

6108 

•146 

•098 

1^86 

61-68 

•199 

•126 

2-68 

The  above  6gures  show  that  much  valuable  information  is  to  be  gained 
from  the  estimation  of  the  decomposition  products  in  recovered  india 
rubber.  Of  course  I  do  not  suggest  that  this  determination  should  be 
earned  out  with  every  sample  of  recovered  india  rubber  which  is  in  any 
way  analytically  examined.  But  the  fact  that  such  an  examiuation  is  at  all 
possible  is  well  worth  recording,  and,  moreover,  the  method  is  not  only  useful 
for  the  purpose  for  which  we  have  been  discussing  it,  but  will  most  likely 
also  render  useful  service  in  the  analysis  of  decomposed  india  rubber  articles, 
and  investigations  into  the  cause  of  such  decomposition.  It  is,  moreover, 
noteworthy  that  the  bromine  percentages  given  above  fall  far  short  of 
what  is  required  for  the  polyprene  tetrabromide,  and,  moreover,  exhibit 
considerable  variations  in  this  respect.  It  is  highly  probable  that  the 
degree  of  vulcanisation  of  a  sample  of  india  rubber  is,  to  a  large  extent,  if 
not  entirely,  responsible  for  this  difference  and  its  variation;  and  if  this  should 
be  so,  the  above  method  could  be  modified  into  a  chemical  test  for  the 
degree  of  vulcanisation  of  vulcanised  india  rubber.  On  the  other  hand,  the 
effect  of  oxidation  upon  india  rubber  would  likewise  tend  to  reduce  its 
bromine  absorption,  so  that  the  above  method  can  no  doubt  also  be  em 
ployed  to  throw  light  on  this  still  very  obscure  subject.  Altogether,  I 
think  there  are  enough  reasons  to  make  this  method  one  of  peculiar  interest 
to  the  chemist  engaged  inthe  analysis  of  india  rubber,  and  it  offers  in  itself 
a  wide  field  for  promising  research  in  a  number  of  almost  unexplored 
directiona 

B.     Fatty  and  other  Organic  Substitutes. 

The  number  of  *  Rubber  Substitutes  *  which  have  been  proposed  is  legion, 
and  the  annual  patent  registers  of  all  manufacturing  countries  invariably 
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rsoord  a  number  of  mora  or  Ims  new  prtparatioiM  iDtondad  to  aerrt  tbo 
«UM  purpoM^  bat  tOAreelj  anj  ono  of  jthiob  mmoM  trm  to  pMo  into  tiM 
•dTAiiMd  eiporimootAl  stage,  end  I  am  not  aware  tliat  anj  tb^jk  one  ot 
theie  prepaialioiia  iugnated  daring  the  last  ten  or  fifteen  yean  has  fooad 
prsetioa]  emplojment  to  anj  appreeiable  eitent  Indeed,  althoogb  eertaia 
preparations,  whioh  we  are  about  to  dieeoes  in  the  foUowiog  psgas,  hate 
been  for  a  long  time,  and  still  are  at  tbe  preesnt  moment,  largelj  emplojed 
nnder  the  name  of  rubber  subetitutee,  it  must  at  onoe  be  said  that  this 
deeoriptioii  ss  applied  to  Uiem  is  a  misnomer.  We  know  at  the  pteeent 
time  of  00  manulMtared  product  whioh  in  anj  waj  woukl  dsesnra  the 
name  of  rubber  substitute.  All  tbe  eubetancee  eo  deeeribed  are  pore  and 
simplj  organic  adulterants,  as  distinguished  from  inorganic  or  mineral 
bulking  or  filling  agents.  Thej  reduce  the  quality  of  an  India  rnbber 
article  exactly  in  the  proportion  in  which  they  are  preeent  in  the  article^ 
and  tbe  justifioatioo  of  their  use  liee  purely  in  the  popular  demand  for 


All  the  rubber  substitutes  which  at  the  preeent  time  are  of  any 
oommeroial  importance  are  obtained  from  one  or  other  of  the  *  uneatuiated ' 
fatty  oils,  eitlier  by  a  process  of  oxidation,  or  by  treatment  at  higher 
temperaturee  with  sulphur,  or  by  treatment  with  sulphur  moooehlorido 
in  the  cold.  The  prooees  of  manufacture  of  theee  products  will  be  found 
bebw  under  the  various  headings  descriptiTe  of  each  of  them. 

All  these  eoH)alled  *  substitutee '  have  one  and  the  eame  fault  in 
common,  which  lies  in  the  fact  that  their  typical  ohemieal  character  is  still 
that  of  a  triglyceride.  They  are,  therefore,  all  readily  eaponifiaMe  by  any 
of  the  ordinary  means  of  saponification.  In  this  respect  mors  partiealariy 
the  action  of  sikalies  and  high  preesure  steam  deeerres  eonslderstiop. 
The  latter  especially  represents  a  condition  to  which  a  Tory  Uige  and 
important  class  of  india  rubber  manufaoturee  is  continually  expoeed,  and 
therefore  the  use  of  these  substitutee  in  the  manufsotnre  of  soeh  artielee 
most  be  strongly  oondemned.  It  might  perhsps  be  ol^jeetod  thai  tbe 
saponifying  action  of  high  preesure  steam  is  of  no  practical  importance 
owing  to  the  impenriousness  of  india  rubber,  but,  in  realitj,  this  eoonis 
for  little.  The  saponifioation  begins  at  the  surface,  but  proceeds  apaee^ 
chiefly  owing  to  the  corrosiTe  (dissolying)  action  of  the  free  fatty  adds 
formed  upon  the  india  rublier.  As  far  as  the  author  is  aware^  the  'moist 
heat'  English  Admiralty  Tost^  for  india  rubber  goods  is  the  ooteome  of 
purely  empirical  experiments  and  considerations,  but  it  finds  its  entire 
justification  and  rational  explanation  in  the  abore  noted  behaTiour  of  the 
india  rubber  substitutee  to  high  pressure  steam.  Tbe  Admiralty  test 
is  simply  a  rough  and  ready  test  —  what  is  eophooionsly  called  a 
practical  teat — for  the  preeenoe  of  'substitute'  in  an  india  rubber 
article. 

In  articles  which  under  ordinary  oonditioos  of  use  are  exposed 
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to  the  action  of  alkalies  uor  to  the  mtluencc  of  high  pressure  steam,  the 
preaenoe  of  these  substitutes  is  less  objectionable,  and  the  justification  for 
their  employment  in  these  cases  rests  upon  the  price  of  the  articles  in 
qaestioo.  It  should,  neyerthelees,  be  pointed  out  that  admixture  with 
sabstitutes  invariably  tends  to  shorten  the  life  of  an  india  rubber  article, 
generally  increases  its  liability  to  decay,  and  greatly  diminishes  its 
reeistanoe  to  friction  and  to  torsional  or  longitudinal  stresses. 

The  above  remarks  concerning  the  use  of  substitutes  in  india  rubber 
goods  apply  equally  to  all  the  substitutes  which  are  in  the  market  at  the 
present  time.  It  is  therefore  of  considerable  importance  to  examine,  in 
the  first  instance,  the  considerations  upon  which  the  quality  and 
suitability  of  an  india  rubber  substitute  may  be  determined  with  a 
view  to  its  employment  in  mauufacturing,  and  also  what  methods  we 
possess  for  the  detection  and  quantitative  determination  of  rubber 
substitutes  in  rubber  articles.  But  while  doing  so,  a  rough  outline  of  the 
manufacture  of  the  most  important  sub.stitutes  in  use  at  the  present  time 
may  also  be  found  helpful. 

The  Manufacture  of  Bubber  Substitutes  from  Fatty  Oils.— The  origin 
of  the  manufacture  of  rubber  substitutes  from  fatty  oils  probably  dates 
back  to  a  much  earlier  time  than  the  india  rubber  industry  itself. 
Preparations  obtained  by  heating  linseed  oil  with  sulphur  were  probably 
known  to  the  alchemists.  At  any  rate,  under  the  description  of  *  oleum  lini 
sulphuratum,'  or  *  balsam  sulphuris,*  they  occupied  an  important  place 
amongst  the  remedies  of  our  forefathers,  and,  indeed,  are  even  yet  retained 
in  the  pharmacopoeias  of  most  countries.  The  fact,  that  under  certaiu 
conditions,  as  regards  degree  of  temperature  and  time  during  which  the 
heat  was  applied,  elastic  solids  are  obtained  by  this  process,  would  soon  be 
observed,  and  when,  towards  the  middle  of  this  century,  the  manufacture 
of  india  rubber  articles  became  established,  the  remarkable  similarity 
between  india  rubber  and  these  sulphuretted  oils  could  not  fail  to  attract 
attention  and  suggest  the  use  of  such  products  in  conjunction  with 
india  rubber.  Accordingly,  we  find  that  the  first  rubber  substitute  which 
appeared  in  the  market,  and  which  to  this  day  still  holds  the  field,  is  a 
product  obtained  by  the  interaction  of  linseed  oil  and  sulphur. 

The  action  of  sulphur  upon  unsaturated  fatty  oils  is  by  no  means 
completely  understood.  Altschul^  showed  that  two  different  compoimds 
are  formed  according  to  the  temperature  at  which  the  reaction  takes  place. 
At  temperatures  not  exceeding  150*  C,  up  to  16  per  cent,  of  sulphur  are 
at  first  dissolved,  and  after  some  time  absorbed  by  the  oil.  At  this  point 
it  will  be  found  that  a  drop  of  the  oil,  on  being  brought  upon  a  glass 
plate,  no  longer  turns  milky  or  opalescent,  owing  to  merely  dissolved 
sulphur  crystallising  oxit,  nor  does  precipitation  of  sulphur  occur  on 
dissolving  the  oil  in  ether.  As,  moreover,  this  point  can  be  reached  without 
any  appreciable  quantities  of  hydrogen  sulphide  being  evolved,  we  may 
>  ZeitKhr.f,  angmo.  Cham,,  1895,  p.  535. 
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infer  that  this  abaorptloo  of  the  nilphtir  bj  Um  ofl  radar  tho  abov«  itatod 
oondiUoot  la  an  addiftioo  pwaaM  pora  and  aiflspla. 

II  tJia  intaraeikm  baivaeo  tba  unaalitimlad  oil  and  anlplmr  te  oarriad  00 
at  teinperaturai  from  150*  C.  upwards,  tha  arolutkm  of  hjdn^gen  sulphkia 
baeomaamoramarkadaathataippaimlurafaortaaBa.  Thia  ia  aaoompanjad  ty 
a  Taty  conaidarabU  tblekanliig  of  Iba  oil,  whieh  avaotoallj  baoooMapartellj 
solid.  Sabalanoaa  solidified  io  this  manoar  ara  prepared  at  preaaol  from 
a  great  Tariatj  of  oila,  saoh  aa  linaaad,  oolaai  oaator,  ooitoo  aaad,  and 
oila,  aod  thaaa  prodoola  ara  largdj  uaad  aa  ao^allad  mbbar 
although  in  reality  tbej  are  nothing  but  organie  filling  or  bulking 
material 

In  preparing  auoh  substitutes,  the  quantity  of  sulphur  emplojad  ia,  of 
ooursa,  a  matter  of  aoma  importanoe.  Navarthaleas  will  it  be  found  that 
the  oommeroial  producta  Tary  Tory  greatly  in  thia  rmptat,  tba  paroaotaga 
of  sulphur  in  them  being  often  aa  low  aa  5  per  oant,  and,  00  tba  otbar  band, 
exceeding  in  many  oaaea  17  per  oent  This  is,  in  the  first  instanca,  dna  to 
the  fact  that,  instead  of  employing  for  the  manufacture  of  theaa  aobalittitaa 
the  abore  named  oils  in  thoir  natural  state,  *  blown '  oils  are  uaad — Ca,  oila 
which  have  been  treated  with  air  or  oxygen  at  higher  tamparatniaa. 
In  this  treatment  oxygen  addition  products  are  formed,  the  oxygao  com- 
bining with  the  unsaturated  fatty  acid  of  the  glyoeride.  Thia  ia  aecom- 
panied  by  a  thickening  of  the  oil,  which  beoomea  mora  proDoancad  tha 
greater  the  amount  of  oxygon  taken  up  by  the  ofl,  althoogb  than  ia  no 
doubt  that  this  treatment,  at  the  temperature  at  which  it  ia  effected,  leada 
to  further  effecta  which  tend  to  inoreaae  the  Tiacoaity  of  theaa  ofla.  Tha 
treatment  may  be  carried  so  far,  that  cTcntually  tha  oO  ia  cooTcrtad  into 
a  more  or  less  '  dry  '  and  reailient  solid  (tee  below) ;  but  for  the  purpose  of 
the  manufacture  of  the  sulphuretted  substitutea,  the  'blowing'  ia  only 
carried  far  enough  to  reach  a  specific  grari^  of  about  0'9fiO.  Tba  con- 
stitution of  the  addition  products  thus  formed  ia  entirely  conjectural,  but 
the  efiect  of  this  oxygen  addition  is,  of  course^  a  redootico  of  tha  atatc  of 
non-aaturation  of  the  oil,  and  consequently  a  smaller  peroaotaga  of  aolphur 
is  nacesaary  to  convert  one  of  these  *  blown '  oils  into  a  oompletaly  mtormtad 
compound  than  would  be  required  for  the  natural  oil  In  the  trade  tha  aab- 
stitutea  made  from  blown  oils  are  described  aa  'floating  subatttutaa'  owing 
to  their  property  to  float  on  water,  which,  of  course^  is  doe  to  thair  apadfio 
gravity  being  slij^btly  less  than  that  of  water ;  while  the  snbatitotaa  made 
from  ordinary  oils  poaaam  a  specific  gravity  higher  than  that  of  water,  and 
so  are  non-finating. 

There  are  two  points  aa  regards  substitutes  of  tha  above  daacriptJoe 
upon  the  careful  control  of  which  depend  their  satisfactory  working  in  tha 
factory,  aa  well  aa  the  life  of  the  artidm  manulaetorad  with  thair  aUL  Thaw 
two  pointa  are  (a)  the  amount  of  aolnbla  fatty  ofl  thay  contain,  and  (b)  tha 
amount  of  free  sulphur.  Both  these  quantities  should  be  aa  low  aa  possible. 
A  high  percentage  of  soluble  fatty  matter  invariably  aborteoa  tha  life  of 
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the  indU  mbber,  and  a  high  perccutage  of  free  sulphur  would  cither  require  a 
diminution  in  the  proportion  of  the  subetitute  used,  or,  if  unnoticed,  might 
lead  to  serious  misliaps  in  the  vulcanisation  process.  Tliis  is  an  obvious 
pointy  which,  however,  is  often  neglected,  not  infrequently  with  disastrous 
results.  In  calculating  the  amount  of  sulphur  to  be  added  to  a  rubber 
mixing  containing  substitute,  the  amount  of  sulphur  present  in  the  latter 
should  evidently  be  deducted,  and  for  this  reason  it  is  most  important  that 
this  amount  should  be  accurately  known. 

Some  typical  samples  of  brown  substitute  gave  the  following  results  on 
analysis : — 


L  French  Make. 

II.  English  Make. 

III.  American  Make 

FraeS,       .        .        . 
Combined  8, 
Solable  oil, 

2-81  p.c. 
6-68    „ 
2-20    „ 

2-41  p.c 
6-84    „ 
2-40    „ 

6-22  p.c 
19-81    , 
978    „ 

Samples  I.  and  II.  are  practically  identical.  Sample  III.  I  consider  a 
rather  objectionable  specimen,  not  so  much  on  account  of  its  rather  high 
percentage  of  free  sulphur,  as  on  account  of  the  large  proportion  of  soluble 
oil  it  contains.     This  sample  has  been  made  from  maize  oil. 

Now  it  might  appear  that  samples  I.  and  II;,  which  are  curiously  similar 
in  composition,  would  also  in  their  working  produce  the  same  result.  This, 
however,  these  analytical  data  do  not  enable  us  to  infer.  Indeed,  there  is 
no  analytical  method  which  would  allow  us  to  decide  upon  the  quality  of 
two  different  brands  of  brown  substitute  which  are,  like  the  above,  practically 
similar  in  their  chemical  constants.  Nevertheless,  we  are  able  to  decide 
this  question  by  examining  mixtures  of  india  rubber  and  these  substitutes 
microscopically.  Mixtures  of  these  two  substances,  of  course,  do  not  repre- 
sent intermolecular  penetration  of  the  constituents  as  do  true  solutions, 
but  are  a  sort  of  solid  emulsions  of  the  substitute  in  the  india  rubber ;  and 
we  may  therefore  judge  the  quality  of  two  substitutes  by  determining 
which  of  them  forms  the  finest  emulsion.  The  diflference  in  this  respect  is 
often  very  great  even  in  samples  which  are  apparently  chemically  identical. 
In  bad  cases  no  granular  emulsion  is  obtained  at  all,  but  the  substitute 
breaks  up  into  a  nuiss  of  streaky  or  scaly  flakes.  Practical  experience  has 
shown  this  microscopical  test  to  be  invariably  reliable  and  trustworthy. 
Details  regarding  the  working  of  this  test  will  be  found  in  the  analytical 
portion  of  this  chapter. 

There  is,  however,  another  class  of  substitutes  which  is  distinguished 
from  the  *  brown  substitutes'  above  described  by  the  name  of  white 
substitutes,  and  which  is  formed  by  substances  produced  by  the  interaction 
of  sulphur  monochloride  and  unsaturated  oils.  Ulzer  and  Horn,^  who 
were  the  first  to  investigate  the  products  of  this  reaction,  found  them  to 

>  Jahraber.  d.  ehem.  Technol.,  1890,  p.  1177. 


EXAMI>*ATION   OF   INDIA    RUBBER  EUBmTUTIR.  145 

oonaist  of  gljeeridM,  the  Uitj  aekb  of  vhkh  oooCaId  ehlorioo  and  salphiir. 
Tbej  further  found  that  theM  pivdueti  eao  be  ipoatted  wHh  aleoboUo 
oeuttie  eoda,  during  which  proeea  all  the  eblorioe  is  elimfaiafed  horn  the 
fattj  aeid,  whieh,  however,  retaioi  iti  eulphur  intact  HsnugmB  *  hae  Tery 
oooaideimhlj  extended  ULim  and  Hou'a  work,  and  eetabliihed  the  ImI 
that  theee  white  eubatHotee  are  timplj  addition  prodneta  ol  the  Cat^  oik 
and  ohloride  of  eulphur.  In  aoooidanee  with  thia  hei^  we  find  that  the 
iodine  abeorplion  of  theee  eobetitutee  ia  Tory  mueh  miaUer  than  that  of  the 
oila  from  which  thej  were  produoed. 

The  timpleet  waj  to  produoe  theee  eobetitutee  ie  bj  mlzing  the  fiUtjr 
oQ  with  a  oertain  quantity  of  ohloride  of  eulphur  and  agitating  the  ndxture 
well  In  a  Teiy  abort  time  a  Tigoroue  reaction  aeta  in,  the  mixture  geftlng 
▼erj  hot,  erdlTtng  Tapoon  of  eulphur  moooohloride^  and  alao  aDaU 
quantitiee  of  bjdroohlorio  and  eulphuroua  aoid.  Simnltaneooalj  the  meai 
thiokena,  and  ia  rapidly  converted  into  a  eoUd,  aemi-tranf parent,  ebetie 
eubctanoe,  the  ooloor  of  which  variee  from  a  pale  amber  ookmr  to  a  more 
or  leea  prooounoed  brown.  This  produot  generally  feels  the  *  dryer,'  the 
darker  its  colour.  It  is  easily  ground  into  a  masa  of  fine  flakee  of  moeh 
lighter  colour  than  the  original  subetance.  As  is  to  be  expected,  the  reeolt 
depends  very  much  upon  the  proportione  of  oil  and  sulphur  monoehloride 
employed,  and  also  upon  the  kind  of  oil  used.  HsiriuQUK*  detennined  the 
proportion  of  sulphur  monoehloride  required  to  produce  dry  solid  snbatitQtea 
with  various  kinds  of  oils,  and  obtained  the  following  figuree : — 


)  \mU  of  liiiM«d  oil 

rBqoireSO 

(mrtoorSdCW 

poppyaeedoil 

.,     M 

If 

ednoQ 

.,     M 

>i 

..        „  eottooMadoa 

M           a 

»f          •> 

„        ..  oliv^oO 

..     «6 

tl          »t 

.        ..  OMtoroil 

..      20 

It  must,  however,  not  be  assumed  that  the  products  obcained  from 
theee  oils  by  their  interaction  with  sulphur  mooochhwride  Ibrm  all  equally 
satisfactory  *  rubber  substitutes.'  This  is,  indeed,  not  the  case.  fiqwotaOy 
the  product  obtained  with  castor  oil  baa  been  found  wanting  in  etability, 
but  also  the  substitutes  from  olive  oil  and  lineeed  ofl  proved  defeetive  in 
thia  roepeot  At  the  preeent  time  a  well-refined  German  eeed,  ooba  oil,  is 
used  for  this  purpoee,  to  the  exclusion  practically  of  any  other  oiL 
Hbtriquv*  patented  the  use  of  oxklised  (blown)  oils  for  the  manufboture 
of  these  subetitutes,  and  he  olaima  that  in  this  manner  he  obtains  anb- 
stitutes  which  are  not  only  cheaper  than  substitutee  prepared  from 
oils,  owing  to  the  eonsklerably  smaller  quantitiee  of  sulphur 
required  f6r  their  oonveision,  but  he  aleo  states  them  to  be  soperior  to  the 
ordinary  substitutesL  The  latter  okim  is  osrtainly  not  hi  aeoordanes  with 
the  experience  obtained  with  suoh  eubetitutee  in  English  hctohm,  when 

>  ORiak  JW%k,  18M,  pi  707.  *  iWriL 
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tbey  were  tried  fairly  aud  ezteiiBi?elj  years  before  the  date  of  Hrnriqubs* 
patent. 

In  preparing  these  subetitutes  on  the  large  scale,  the  most  important 
point  is  to  control  the  reaction  so  as  to  prevent  a  rise  of  temperature  of 
above  70*  C.  in  any  part.  For  this  reason  it  is  generally  recommended  to 
prepare  them  in  small  quantities  at  a  time.  Sohulzr  ^  states  that  not  more 
than  20  Ibe.  of  oil  should  be  treated  at  a  time.  As  a  matter  of  foot,  much 
better  results  are  obtained  by  working  with  3  to  5  cwt.  batches,  but  in 
order  to  check  the  reaction,  the  addition  of  a  suitable  quantity  of  some 
hydrocarbon,  the  boiling  point  of  which  should  not  exceed  70*  C,  is 
neoessary.  Also  Schulzb's  statement,  that  the  operation  should  not  be 
carried  out  in  wooden  vessels,  is  without  justification.  Of  course,  when 
preparing  these  subetitutes  on  such  a  large  scale,  open  vessels  can  no  longer 
be  employed,  and  a  closed  apparatus  with  an  effective  vapour-condensing 
plant  attached  must  be  used. 

The  relative  nature  of  both  the  *  brown '  and  *  white  *  class  of  substitutes 
above  described  is  very  clearly  brought  out  by  the  analytical  results 
published  by  Hesriqubs,*  and  given  on  the  following  page. 

It  is  obvious  from  these  figures  that  there  can  hardly  ever  arise  any 
doubt  as  to  whether  a  fatty  substitute  contained  in  an  india  rubber  article 
is  a  brown  or  a  white  substitute.  The  readiness  with  which  these 
substitutes  are  saponified  by  alcoholic  caustic  soda  renders  their  complete 
extraction  from  the  finely  ground  india  rubber  sample  an  easy  matter. 
The  amount  of  substitute  present  in  any  given  sample  cannot,  of  course,  be 
estimated  by  direct  methods — at  any  rate,  in  most  cases  without  liability 
of  considerable  error.  It  is  therefore  estimated  by  the  loss  in  weight  of 
the  sample  after  treatment  with  alcoholic  caustic  soda.  The  amount 
of  chlorine  extracted  by  the  alcoholic  caustic  soda  decides,  of  course,  the 
nature  of  the  substitute  present. 

The  general  practice  is  to  use  the  brown  substitutes  for  *dry  heat 
cured'  goods  only — t.e.,  goods  vulcanised  with  sulphur;  and  the  white 
substitutes  for  'cold  cure*  goods — t.e.,  goods  vulcanised  with  chloride  of 
sulphur  (SgCl^).  There  is,  however,  a  certain  class  of  *  dry  heat  cured  * 
goods,  for  the  manufacture  of  which  white  substitute  is  employed.  This  at 
first  sight  appears  surprising,  in  view  of  the  fact  that  white  substitute 
already  at  a  temperature  of  90*  C.  loses  a  considerable  part  of  its  chlorine 
in  the  shape  of  hydrochloric  acid  ;  and  at  vulcanising  temperature — 130*  C. 
— this  effect  of  heat  upon  white  substitute  becomes  considerably  more 
noticeable.  It  mighty  therefore,  be  thought  that  on  hot  vulcanising  a 
mixing  containing  white  substitute,  a  considerable  risk  of  '  blowing '  was 
incurred  owing  to  the  evolution  of  hydrochloric  acid  gas  by  the  substitute ; 
but  in  practice,  provided  the  mixture  does  not  contain  any  inorganic 
carbonates  or  sulphides  which  are  acted  upon  by  sulphuretted  hydrogen, 
the    curing    of    such    a    mixture    causes    no    difficulty    whatever,    and 

»  Qummi  Zeitung.,  1898,  p.  811.  •  CTtem.  Zeitg,,  1898,  p.  707. 
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there  is  certainly  no  escape  of  hydrochloric  acid  noticeable.  This  api^arent 
anomaly,  no  doubt,  finds  its  explanation  in  the  existence  of  a  polyprene 
dihydrochloride,  in  the  fact  that  india  rubber  forms  an  addition  product 
with  hydrochloric  acid.  Although  this  addition  product  under  the 
influence  of  heat  gives  off  hydrochloric  acid,  this  process  (see  page  146) 
is  veiy  far  from  complete;  and  as  the  white  substitute  at  vulcanising 
temperature  also  parts  with  a  certain  fraction  only  of  its  chlorine  in  the 
form  of  hydrochloric  acid,  it  follows  that  under  practical  conditions  the 
amount  of  hydrochloric  acid  evolved  by  the  substitute  always  falls  con- 
siderably short  of  the  quantity  india  rubber  can  absorb  and  retain  at 
vulcanising  temperature.  This  is  all  the  more  so,  as  the  quantity  of  white 
substitute  which  can  be  used  in  admixture  with  india  rubber  for  the 
manufacture  of  *dry  heat'  goods  is  limited  by  the  fact  that  such  mixtures, 
in  order  to  ensure  satisfactory  vulcanisation  of  the  india  rubber,  require 
quantities  of  sulphur  increasing  rapidly  with  the  proportion  of  substitute 
present,  so  that,  for  the  vulcanisation  of  mixtures  in  which  white  substitute 
predominates,  quite  enormous  proportions  of  sulphur  (over  30  per  cent.) 
would  be  required.  It  cannot  be  said  that  goods  of  this  description  are 
not  made,  but  that  they  should  be  must  be  regretted,  the  more  so  as  the 
only  reason  for  the  employment  of  white  substitute  in  *  dry  heat  *  goods  is 
the  colour  of  the  finished  substance.  Brown  substitute,  of  course, 
produces  goods  of  a  somewhat  dark-yellowish  or  brownish-grey  colour,  but 
the  trade  insists  upon  having  certain  articles,  gas-tubing  especially,  of  a 
light  greyish-white  colour,  which  can  only  be  obtained  by  means  of  white 
substitute.  There  is  nothing,  apart  from  the  question  of  colour,  to 
commend  the  use  of  white  substitute  in  *dry  heat'  goods — indeed,  the 
practice  is  unquestionably  detrimental  to  the  quality  of  these  goods.  ' 
The  above  described  *  brown  '  and  *  white '  substitute  represent  probably 
fully  90  per  cent  of  all  the  so-called  rubber  substitutes  used.  How  little 
they  really  deserve  this  name  has  already  been  shown  in  the  introduction 
to  this  chapter.  Nevertheless,  every  year  unfailingly  produces  its  regular 
crop  of  *  inventions,*  which  in  their  early  stages  are  generally  stated  to 
realise  the  production  of  artificial  india  rubber,  but  which  are  simply  the 
application  of  the  above  described  reaction  of  sulphur,  or  chloride  of 
sulphur,  upon  fatty  oils,  upon  either  some  new  kind  of  oil,  or  upon  an  oil 
subjected  to  some  preliminary  treatment  (blowing),  or  upon  such  oils 
imder  conditions  more  or  less  novel — generally  less.  Of  all  these  new 
substitutes  there  is  only  one  which  has  been  at  all  able  to  obtain  some 
foothold  in  the  market,  though  it  could  by  no  means  be  said  to  be  firmly 
established  at  the  present  This  is  the  curious  product  named,  after  its  in- 
ventor, Fenton  ruhher.  This  substitute  is  manufactured  ^  by  mixing  oxidisable 
vegetable  oils,  either  in  the  raw  or  oxidised  state,  with  certain  proportions 
of  tar,  pitch,  creosote,  or  *  other  form  of  pyroligneous  acid,*  and  placing  "  the 
mixture,  either  cold  or  previously  heated  together,  into  a  bath  of  diluted 
>  Eng.  Pat,  No.  26,648,  1896. 
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nitrie  tdd,  aod  allowiiig  it  to  naudn  for  iMearmtkiD— «old,  or  quick«oiiig 
the  aetioii  bj  boOiDg— ootU  tbt  whole  ii  oonyihitod  into  a  toi^  tlMlie 
magnm  *  having  tho  appaaranoa '  and  naliira  ol  aaoatohooe4ika  anbataooaL'' 
This  product  ia  poured  upon  pana  and  roaatad  for  a  abort  lima,  **  whao  it 
coagttlataa  into  a  higfalj  alaatle  mM  ia  appaaimnoa  lika  india  rubber,  and 
oan  ba  Tuloaniaad  axaotlj  aa  that  iobatanoa  iab" 

Thia  ia  aimplj  a  ra-invantion  of  a  prooeaa  ftivt  amplojad  in  1S48  bj 
Saoos  and  JoMAa,  with  the  rery  quaatiooabla  '  improTtmaot '  of  tha  addition 
of  tar,  pitob,  craoaota,  or  *  othar  form '  of  pjroUgDaoaa  aokL 

Tha  rubber  aubatitutea  we  have  been  eonaidering  ao  far  are  all  intended 
to  rapUoe  part  of  the  india  rubber  in  rubber  mixturaa.  There  ia,  howerer, 
a  Terj  numerooa  olaaa  of  anbatanoea  which  are  actually  intended  to  replaea 
iiidia  rubber  entirelj  for  both  aoft  and  hard  rubber  (ebonite)  artielea. 
Attempta  in  thia  diraotion  up  to  now  have  alwaja  failed,  and  probaUj 
always  will,  if  theae  aubatitutea  are  used  for  artiolea  in  whioh  high 
taorila  strength,  great  elaatioity,  reaiatanoa  agatnat  abraaiTe  foroea,  and 
indiflbrenoe  to  chemical,  eapecially  alkaline,  raagenta,  are  chiefly  requirad. 
Where  waterproof  qualitiea,  electrical  inaulation  reaiatanoa,  aoond-deadening, 
and  aimilar  qualiUee  only  are  required,  auch  aubatitutea  may  be  mora  or  laaa 
aervioeable.  In  the  past  they  have  been  greatly  diaoredited,  owing  to  the 
immoderate  claims  put  forward  on  their  behalf— claims  which  it  was  in- 
▼ariably  found  could  not  be  sustained. 

The  ouml)er  of  patents  which  have  been  taken  out  for  rubber  aub- 
atitutea of  thia  description  ia  truly  appalling,  and  beoomea  still  mora  ao 
when  we  disooTcr  that,  with  only  an  occasional  exoeption,  all  theae  patenta 
are  baaed  upon  two  reactions :  either  the  aotioo  of  aulphur  upon  fatty  oils, 
or  the  action  of  oxygen  upon  Oxidiaable  oils.  And  herein  liea  the  weak 
point  of  all  theee  aubatitutea :  they  are  all  sapciii6able^  and  tliey  all  Uck 
the  reaiatanoe  poaaeaaed  by  india  rubber  to  temparatore  ohangea  within 
comparatively  wide  limita.  To  call  theae  aubatanoea  india  rubber  aub- 
atitutea, or  artificial  india  rubber,  ia  gprosaly  mialeading.  They  can  in  no 
caae  oompete  with  india  rubber,  and  their  uae  begina  only  where  that  of 
india  rubber  oeaaea — t.e.,  usee  where  such  highly  compounded  (mineraliaad) 
miiinga  are  required,  that  the  india  rubber  acta  more  or  leea  exdoaiTaly  aa 
a  cement  for  the  minemlio  powders  only,  aa  ia  the  caae  in  the  very  k>weat 
olasaea  of  india  rubber  gooda. 

It  ia  impoesible  to  give  even  an  outline  of  all  the  patenta  that  have 
been  taken  for  the  manufacture  of  such  subatitutaa,  nor  wouU  aoeh  an 
outline  be  at  all  worth  the  trouble.  Evan  the  ktaat  patanii  in  this 
direction  repreaent  no  ptogreaa  over  the  methoda  which  ware  amplojad 
for  the  same  purpoee  thirty  years  ago.  What  little  actual  improvamaot 
there  ia,  ia  atmply  one  of  manipuUtioo.  We  may  tharafofv  eooflna  onr- 
aalvea  to  a  brief  expoaitioo  of  the  mode  of  mannlMtora  of  00a  of  the  mon 
recent  of  these  compounds,  known  aa  *  Oxolin.' 

This  is  one  of  the  innumerable  pateoU  baaed  upon  the  fonaatioB  of 
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solid  pvoduoti  by  tho  oxidation  of  linseed  oil.  In  this  case  this  is  per> 
formed  by  impregnating  vegetable  fibres  such  as  flax,  hemp,  or  jute,  with 
linseed  oil  in  a  hydro-extractor.  The  impregnated  material  is  then  spread 
on  trays  and  oxidised  by  exposure  to  the  air  at  a  temperature  of  about 
45*  C.  This  operation  is  repeated  a  number  of  times,  when  the  material 
obtained  by  working  between  rollers  is  transferred  into  an  apparently  homo- 
geneous mass  in  appearance  much  like  india  rubber,  and  which,  by  mixing 
it  with  sulphur,  is  capable  of  a  certain  degree  of  vulcanisation  on  heating. 

The  elasticity  of  this  product  is  very  small,  its  tensile  strength  not  to 
be  compared  to  that  of  india  rubber;  alkalies  and  high  pressure  steam 
saponify  it  Hut,  no  doubt,  for  a  certain  number  of  uses  this  product 
mnswers  as  well  as  very  low  qualities  of  india  rubber. 

A  very  great  number  of  preparations  have  been  patented  which  are 
intended  to  serve  as  india  rubber  substitutes  by  themselves,  and  not  in 
admixture  with  india  rubber.  So  far  not  one  of  these  preparations  has 
been  more  than  partially  successful,  their  applicability  being  mostly  con- 
fined to  the  insulation  of  electric  conductors. 

The  oldest  of  these  pre{)arations  is  Callender's  bitumen,  which  has 
been,  and  is  still,  largely  employed  for  the  manufacture  of  the  larger  sizes 
of  insulated  electric  cables.  It  is  a  preparation  very  similar  to  the  ordinary 
brown  substitute  of  the  rubber  manufacturer,  and  obtained  by  heating  a 
mixture  of  stearine  pitch  and  sulphur  under  certain  conditions.  The 
electric  insulation  obtainable  with  this  preparation  is  very  low  as  compared 
with  a  good  india  rubber  insulation,  but  its  behaviour  against  high  voltage 
currents  is  nevertheless  very  satisfactory.  For  telephone  or  telegraph 
cables  this  material  is  unsuitable,  owing  to  its  rather  high  inductive 
capacity. 

Highly  interesting  are  Nobel's  attempts  to  produce  'artificial  india 
rubber'  from  nitrocellulose  ^  by  dissolving  this  substance  in  nitro  or  bromo- 
nitro  derivatives  of  certain  aromatic  hydrocarbons— camphor  or  resin  oil. 
That  *  resilient  solutions '  of  this  description  could  at  all  be  employed  in 
place  of  india  rubber  is  highly  improbable,  but  Nobel's  idea  of  arriving 
at  a  rubber  substitute  by  preparing  what  I  termed  above  a  'resilient 
solution '  of  a  colloid  is  well  worth  further  consideration.  Very  probably 
the  recent  elaboration  of  '  Velvril,'  a  new  substitute  for  india  rubber  and 
g^tta  percha,  by  W.  F.  Rsid,^  was  suggested  by  Nobel's  experiments  in 
this  direction. 

Keid's  *  Velvril  *  is  a  solution  of  a  nitrocellulose  of  a  *  low  degree  of 
nitration '  in  a  nitrated  oil,  preferably  linseed  or  castor  oil.  The  progress 
in  this  case  lies  in  the  substitution  of  a  nitrated  oil  for  Nobel's  aromatic 
nitro-compounds,  and  would  no  doubt  result  in  the  production  of  a  much 
less  combustible,  and  probably  also  more  '  structureless '  or  '  colloidal,' 
product  than  could   be  obtained    by  Nobel's    formulae.     But    whether 

»  Eng.  Pat,  No.  20,234,  1898  ;  and  No.  15,964,  1894. 
*  Joum.  Chem.  Soc,  1899,  p.  972. 
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'  VelrriV  'or  which  iU  inTcntor  cUinui  »  great  6ml,  h  a  radlj  mtkhdborj 
■ttbititata  for  tndui  mbbor  and  guUa  poroha  raqair«  mora  prool  than  «• 
pcMMM  at  preMot  A  priori  it  would  appear  Yary  doobllbl  wbathar  a 
mixture  of  nitmtad  oila  and  nitrooelluloee  it  a  auffioieotlj  tuble  product 
to  be  generallj  uaed  lo  place  of  India  rubber  and  gutta  peroha.  It  would 
eertainlj  be  eurpriaing  if  lucb  a  mixtttre  or  eolntloo  was  not  greatlj 
affected  bj  aoj  cooaiderable  riae  or  hl\  of  temperature  orer  and  below 
mean  atmoepharic  temperature. 

Bedni,  Pitobea^  and  Waxea.> 

The  number  of  different  retina  and  waxei,  or  wazlikc  tnbtlanet%  and 
pitohet  which  have  been  nted  in  connection  with  rubber,  or  which  are 
siippoicd  to  impart  new  and  Taluable  propertiea  to  rubber  gooda,  it  almoat 
endleaa.  That  in  man/  caaee,  by  the  addition  of  one  of  theae  tubttancet  to 
india  rubber  mizinga,  a  certain  technical  effect  can  be  obtained  la  nn- 
quettionable,  but  it  maj,  ncTertheletB,  be  nUelj  eaid  that  the  leat  anj  of 
theee  tubttancet  are  uaed,  the  better  for  the  article  produced.  In  aoft 
rubber  goodt  only  a  Ycry  moderate  ute  it  and  abould  be  made  of  thete 
tubttancea,  but  hard  rubber  goodt  often  contain  rery  Urge  proportiona  of 
retint,  ohieflj  thellac  and  amber. 

Perhape  the  mott  interetting  of  theee  tubttancea  are  the  pitcbei^  and 
more  etpeciallj  thote  which  are  more  of  a  colloidal  or  elattic  deaoription 
rather  than  brittlei  Uted  in  moderate  proportiona  in  india  rubber  mizingt, 
they  certainly  teem  to  tend  to  iucreaae  the  retilienoy  of  the  india  rubber, 
and  to  deoreate  itt  liability  to  deterioration  by  oxidation.  Very  Taluabie 
retultt  may  be  expected  from  a  thorough  methodical  ttudy  of  thit  inttrtit 
ing  aubject,  whicli,  to  far,  hat  reoeiTcd  tcant  attention  only. 

The  analytical  detection  of  thote  bodiet  in  india  mbbor  mixtorea  ofltn 
very  little  difficulty  at  far  at  the  rednt  are  concerned,  owing  to  their 
tnaolubility  in  tcetone  and  their  aolubility  in  alcohol  The  Utter  offen 
aleo  a  ready  meant  for  their  teparation  from  waxot  and  pitchea  which  are 
quite  intoluble  in  aloohd.  The  waxet  are  all  fairly  freely  toluble  in 
acetone,  but  insoluble  in  alcohol.  The  pitchet — boiled  tar,  ttearine  pitch — 
are  partly  soluble  in  acetone,  and  alto  in  cold  nitrobeoaeot^  bat  tht 
proportion  of  soluble  conttituentt  in  them  it  by  no  matmi  conttani, 
Atphaltum  and  tulphuretted  ttearine  pitch  (GAixnrDiR't  oompomid)  art 
tcaroely,  if  at  all,  toluble  in  acetone.  They  diatoWe  more  or  lett  oompltlely 
in  warm  nitrobeniene.  But  it  will  be  readily  inferred  fhxn  thett  that  a 
tatitfictory  ettimation  of  thete  pitchet,  and  tqMcially  if  they  tbonld  oooor 
together  with  retint  or  waxea,  may  occationally  be  a  very  diflleoH  mtltir. 
Our  inabilities  in  this  respect  are,  however,  to  a  eonaiderable 

*  By  this  tKiB  only  tb*  miaenl  wtais    | 
luidefstood,  bat  not  bstli  wu,  Um  tis  of  wbieh  offki  ao 
with  indift  mbbcr,  althoagfa  it  is  sappottd  to  b«  uaed  ia  s  o«taia  kind  of  '1 

(Kiel  conit>oun(lV 
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halanoed  by  the  faot  that  mixtures  of  those  subsUmces  are  very  rarely,  if 
eyer,  employed  in  rubber  mixings ;  and  further,  it  is  generally  quite  sufficient 
for  practical  purposes  to  establish  the  presence  and  determine  the  quantities 
of  resinous  or  waxy  substances  in  an  india  rubber  sample  without  finally 
identifying  them.  This,  in  faot,  can  always  be  done  without  much 
difficulty. 

The  Chemical  Analysis  of  Organic  India  Rubber  Substitutes. 

1.  Becovered  Rubber. — The  chemical  analysis  of  recovered  india  rubber 
is  carried  out  in  exactly  the  same  manner  as  the  analysis  of  manufactured 
india  rubber.  A  complete  analysis,  therefore,  would  have  to  accouut  for  the 
following  items : — 

(a)  Free  oils,  or  fats. 

(h)  Resins,  waxes,  pitches. 

(e)  Fatty  rubber  substances   n   ^i  i^ 

{d)  Free  sulphur. 
(«)  India  rubber. 
(/)  Sulphur  of  vulcanisation. 

(g)  Insoluble  organic  matter  other  than  above  named. 
{h)  Carbonaceous  matter, 
(i)  Mineral  constituents. 

Indeed,  to  some  extent  this  subject  has  already  been  dealt  with  hi  the 
foregoing  pages.  For  the  determination  of  the  suitability  of  a  given  sample 
of  recovered  rubber,  such  a  detailed  analysis  is  generally  unnecessary,  and 
the  determination  of  the  above  items  (a),  {b),  and  (c)  under  one  head,  (r/), 
(c),  (/),  and  again  (//),  (/i),  and  (t)  in  the  aggregate,  will  be  found,  in  the 
vast  majority  of  cases,  to  supply  all  the  information  required  and  which 
is  obtainable  by  chemical  analysis. 

The  value  of  a  given  sample  of  recovered  india  rubber  depends  upon  two 
factors,  of  which  the  first  represents  the  *  waste  rubber  value '  of  the  sample, 
and  which  is,  with  a  very  fair  approximation,  ascertainable  by  analysis. 
The  second  factor  consists  in  the  *  technical  effect '  produced  by  the  recover- 
ing process  which  is  demonstrated  by  the  plasticity  of  the  sample,  and  its 
elasticity  and  tensile  strength  after  revulcanisation. 

By  estimating  the  amount  of  pure  rubber  in  a  sample  of  recovered 
rubber,  we  are  at  once  able  to  calculate  the  price  paid  for  the  rubber 
actually  present  The  value  of  the  other  constituents — substitute,  oil, 
sulphur,  mineral  matter — is  so  small  as  to  be  hardly  worth  allowing  for. 
It  is,  of  course,  obvious  that  the  *  waste  rubber  value '  should  also  depend 
upon  the  quality  or  brand  of  rubber  present^  but  as  yet  no  sufficiently 
reliable  constants  are  known  which  would  enable  us  to  distinguish 
analytically  between  different  brands  of  india  rubber;  and  if  there  were 
such,  the  fact  that  rubber  goods  are  in  the  vast  majority  of  cases  manu- 
factured from  a  mixture  of  at  least  two  different  brands  of  rubber  would  go 
a  long  way  to  render  such  an  estimation  practically  illusory.     In  practice, 
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however,  this  objection  ftnwm  mneb  Urn  imporUnt  m  it  might  perlia{Mi 
appear,  owing  to  the  iMt  thni  tb«  'tMhnied  eibet'  pvodnoed  bj  tU 
reooTering  prooeM  te  doterminod  not  onlj  bj  tbo  oAeiflnej  of  tbo 
partiouUu'  prooeM  emplojed,  but  verj  Urgelj  also  bj  the  bnuid  of  rubber 
upon  which  it  ia  oMwiaad.  We  are  not  able  to  detarmino  the  ratio  in 
which  theae  two  itemi  oootributa  to  the  *teohnioal  affeet'  aebiefed,  hot  it 
ia  for  practical  pnrpoaaa  tafteient  to  determine  it  in  ita  totality  bj 
eiamining  the  tbatidtj  and  tamila  itrangtb  of  tha  aampla  after 
remloaniaation. 

All  the  oommeroial  aamplea  of  reoovered  rubber,  manj  of  which  are 
oflered  under  very  mialeading  deacriptiona»  iatne  Tory  badly  from  thia 
effieianoy  taat  Indeed,  it  may  aafely  ba  aaid  that  moat  of  them  are  vety 
littlo  moro  than  mere  bulking  agenta.  Thehr  chief  adTantaga  againat  the 
fatty  subetitutea  liea  in  the  fact  that  they  are  very  much  mora  atabla  than 
the  Utter,  and  therefore  len  liable  to  oauae  trouble  in  the  mannfaetafing 
prooeai,  or  when  in  uae  in  the  form  of  india  rubber  artidea  of  one  kind  or 
another.  That  the  foregoing  statement  ia  none  too  acTere  will  become  at 
once  apparent  if  a  number  of  oommeroial  aamplea  of  reooTcred  rubber  are 
aubjaoted  to  the  extraction  teat  with  aoatona.  It  will  ba  found  that  all 
these  aamplea  yield  from  6  to  14  per  cent  of  an  extract,  the  greateat  part  of 
which  consists  of  either  a  fatty  oil,  a  hydrocarbon  oil  (both  miueral  and 
reain  oila  are  uaed^  or  a  mixture  of  them.  The  extracted  rubber  will  now 
be  found  to  haye  loet  almost  all  its  former  plasticity,  elaatieity,  and  tanafla 
Btrength,  and  to  consist  of  a  more  or  leas  oohering  aggregate  of  *crumba ' 
of  Tulcaniaed  rubber  poaaeesing  neither  plasticity  nor  tanaila  etrength. 
This  shows  that  this  kind  of  'reooTered '  rubber  is  at  beat  merely  a  kind  of 
semi-eolid  solution  of  the  Tulcanised  rubber  in  oil,  and  in  the  woiat  caaes 
only  a  maaa  of  crumba,  the  ooheaion  amongst  which  ia  due  by  tha  sticikinaaa 
produced  by  the  combined  action  of  heat  and  oil  upon  india  rubbar.  In 
neither  case  oould  it  be  said  that  a  true  *  recovery '  of  the  india  rubber  had 
been  effected.  All  that  can  be  claimed  for  such  products  is  that  they  con- 
tain Tuloaniaed  india  rubber  in  a  form  in  which  it  can  more  aatiafaetorily 
be  mixed  with  fresh  rubber  than  if  it  waa  merely  in  the  state  of  dry  crumbs. 
On  submitting  samples  of  reoovered  rubber  of  this  deeoriptaon  to  the 
Tulcanisation  test,  products  are  obtained  which  compare  very  unfavourably 
indeed  with  even  the  very  low  gradea  of  orude  rubber,  and  I  am  oartainly 
strongly  of  opinion  that  the  prioaa  asked  and  paid  for  reeovared  mbbar  of 
thia  description  are  altogathar  out  of  proportion  to  ita  intrinaao  value. 
They  are,  unfortunately,  used  at  praaant  in  a  vary  indiaoriminata  and  on- 
critical  manner,  producing  tha  aamblanoe^  but  not  giving  the  substanoa  of 
quality,  in  the  articles  produced  by  their  aid. 

The  vulcanisation  taat  ia  carried  out  by  mixing  tha  aample  to  be  tasted 
in  the  usual  way  between  mixing  rollera  with  enough  anlphur  to  maka  tba 
mixed  product  contain  6  per  cent  of  free  sulphur.  This  mixture  ahqpkl 
be  caleiidered  into  a  ahaet  of  standard  thickneas^  mj  ^  or  -f^  oi  uk  inch. 
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The  sheets  are  then  ytilcanisod  under  standard  conditions.  What  these 
conditions  are  is  not  very  essential  as  long  as  all  the  tests  are  made  under 
the  same  conditions.  The  Tulcaoisation  is  eflfeoted  between  steam-heated 
plates,  but  personally  I  prefer  to  vulcanise  in  high  pressure  steam, 
as  this  method  is  certainly  handier  in  the  laboratory.  In  the  latter  case, 
a  digestor  of  the  construction  of  fig.  1  is  employed.  It  should  bo  capable 
of  withstanding  a  working  pressure  of  at  least  150  lbs.,  and  should  be  fitted 
with  pressure  gauge,  thermometer  tube,  safety  valve,  and  blow-off  tap. 
Inside  this  digestor  a  cage  can  be  inserted,  the  bottom  of  which  reaches  to 
within  2*5  inches  of  the  bottom  of  the  digestor.  This  cage  receives  the 
sample  to  be  vulcanised,  which  is  either  secured  upon  a  strip  of  glass  plate 
or  wound  helically,  the  convolutions  not  touching,  upon  a  glass  cylinder  of 
suitable  size.  The  digestor  is  served  with  water  to  a  height  of  1*5  to  2 
inches  from  the  bottom,  and  the  cage  should  certainly  be  clear  of  the  sur- 
face of  this  water.  The  digestor  is  heated  by  means  of  a  Bunseu  burner. 
The  height  of  the  flame  requires  careful  regulation.  Even  with  this 
arrangement  it  will,  however,  still  be  necessary  to  employ  a  gas  governor 
(pressure  regulator)  in  order  to  keep  the  temperature  reasonably  constant. 
Elbtbr's  or  Stott's  gas  governors  prove  most  satisfactory,  and  the  first 
named  is  also  the  least  expensive. 

With  regard  to  the  temperature  at  which  the  vulcanisation  is  carried 
out,  and  its  duration,  no  hard  and  fast  rules  can  be  suggested.  Tliese 
conditions  may  with  advantage  vary  in  diflferent  laboratories,  according  to 
the  varying  vulcanising  conditions  which  are  dictated  by  the  nature  of  the 
articles  manufactured.  As  a  good  average  I  recommend  a  temperature 
of  130'  C.  for  from  two  to  two  and  a  half  hours. 

The  vulcanised  strip  is  cut  to  a  standard  width,  say  1  inch,  and  its 
breaking  strength  estimated  in  a  machine  constructed  upon  the  princij»le 
of  the  well-known  yam  testing  machine. 

It  is  very  frequently  found  that  the  amount  of  mechanical  work  re- 
quired to  mix  certain  descriptions  of  recovered  rubber  with  fresh  rubber, 
so  as  to  produce  as  nearly  homogeneous  a  *  compound '  as  possible,  varies 
very  considerably  with  different  brands  and  grades  of  recovered  rubber. 
Indeed,  with  some  of  them  this  result  is  unattainable,  as  the  *  compound ' 
would  require  an  amount  of  working  which  would  prove  fatal  to  the  fresh 
rubber  employed.  A«*  a  consequence,  it  is  frequently  found  that  'com- 
pounds' of  this  description  are  simply  colloidal  agglomerates  exactly  as 
*  compounds  *  of  rubber  and  oil  substitutes,  but  generally  much  coarser. 
It  will  generally  be  observed  that  this  phenomenon  almost  invariably  is 
exhibited  by  those  kinds  of  recovered  rubber  which  pass  the  vulcanising 
test  badly,  or  which,  in  other  words,  have  been  inefficiently  *  recovered*  It 
is  therefore  generally  advisable  to  put  samples  of  recovered  rubber  to  a 
mixing  test,  and  examine  the  appearance  of  a  surface  cut  produced  with  a 
sharp  knife.  A  granular,  spotted,  or  streaky  section  indicates  a  more  or 
less  heterogeneous  mixture.     Very  characteristic  for  the  recognition  of  this 
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defect  b  alto  the  appeenwoe  of  iiieli  a  teetkio  afler  vetting  it  with  one  of 
the  India  robber  tolTenta :  a  aeotioo  of  a  homofaneooe  oiiitare  tvelle  into 
a  ■mooth  turfaoe,  a  aeetioQ  of  a  hetefogeneoai  miitnrt  beeooiei  fnuiiilar, 
or  trroguUrljr  furrowed  and  indented. 

3.  Fatty  RobitltiitM.— The  Catty  tabititatei  diemMwit  in  the  earUer 
part  of  thia  eeotioo,  whioh  are  offered  in  a  groat  number  of  rariattona,  are 
commeroiallj  divided  into  two  o\%mm^9iM„  brown  and  white  eubetitute— 
and  to  thii  di? iaion  oorreapooda  alio  an  ewential  diAraoee  In  their  eon- 
poaitioD,  ookmr,  mode  of  preparation,  and  manner  of  emplojmentb 

The  browD  eubetitutee  are  prepared  by  the  action  ol  eulphur  upon  the 
triKlyooridoe  of  unsaturated  &ttj  aotda  at  high  temperaturea,  the  wliite 
aubntitutes  by  the  action  of  lulphur  mooochloride  upon  limilar  trigljoeridea 
in  the  oold.  Acoordinglj,  the  brown  tubstttutas  repnMont  lulphidea,  the 
white  sttbetituteB  ohloroeulphidea  of  fatty  oila. 

The  Yaluo  of  tbeae  aubetitutes  liea  in  their  chemical  atability  and  their 
insolubility  in  solvents,  whioh  renders  it  poesible  to  use  them  in  mors  or 
lees  considerable  quantitiee  in  rubber  mixings  as  bulldng  agents,  without 
iucreaaing  the  spedfio  grarity  or  reducing  the  suppleneea  of  the  manu- 
factured articles. 

The  solubility  of  these  subetitutes  can  be  ascertained  bj  etperimeot, 
and  is  carried  out  by  extraction  with  ether  or  acetone.     The  extract,  after 

Ming  off  the  ether,  is  dried  for  one  hour  at  100*  C.  It  must,  however. 
:.»;  l>o  assumed  that  thia  extract,  as  a  whole,  represents  dissolved  substitute. 
Indeed,  this  is  only  true  of  a  very  small  portion  of  it  The  bnlk  of  thia 
extract  consists  of  triglycerides  which  have  not  taken  part  in  the  reactioQ 
with  either  sulphur,  or  chloride  of  iiulphur.  and  l>cflidc8  thia.  it  always  000. 
tains  a  sensible  quantity  of  free  sulphur. 

It  is  obvious  that  the  smaller  the  quantity  of  this  extract,  the  lees  is  a 
substitute  likely  to  oause  trouble  in  the  manufacture.  THOiiio.M  ^  pointed 
out  that  the  oily  extracts  obtained  from  rubber  substitute  do  not  affect 
india  rubber  detrimentally.  This,  no  doubt,  is  to  a  large  extent  oorrect, 
as  the  oils  which  escape  the  reactions  leading  to  theee  robber  aQbstitQtea 
are  bodies  which  have  no  perceptible  action  upon  india  rubber.  Moreover, 
their  preeeooe  in  the  substitutes  cannot  altogether  be  avoided.  But  tliis 
point,  nevertheless,  should  be  made  the  subject  of  oarefol  oontrdi  In  mano- 
facturing,  first  with  a  view  of  keeping  the  percentage  of  eoluble  fatty 
matter  in  the  substitute  as  low  as  possible,  and  further  to  keep  this  per- 
centage as  near  as  poesible  constant  That  for  certain  porpuasa  Cstty 
substances  are  designedly  added  to  india  robber  mixings  doea  not  minimiae 
the  importanoe  of  this  control,  one  of  the  chief  parpoaai  of  which  is  Id 
assist  towards  that  uniformity  of  working  oooditloQ^  without  whieb 
aeiioua  break-downa  in  the  uniformity  of  the  mamifcotnred  gooda  are 
unavoidable. 

All  these  subetitutea  contain,  as  haa  already  been  atatied,  hf  aolphur, 
>  Jmm,  am.  CUm.  Imd.,  1885.  p.  710. 
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the  preeenoe  of  which  in  white  substitutes  is  always  rather  small  and 
practically  irrelovant  Not  so  in  brown  substitutes,  which  not  only 
reaohee  often  rather  high  figures,  8  per  cent,  and  more,  but  is,  moreover, 
apt  to  yary  considerably.  As  brown  substitutes  are  iisod  exclusively  for 
dry  heat  cured  goods,  the  knowledge  of  the  exact  amount. of  free  sulphur 
in  the  substitute  becomes  an  important  matter,  and  the  neglect  of  this 
obvious  precaution  is  a  fruitful  cause  of  many  vulcanising  troubles. 

The  determination  of  the  free  sulphur  is  best  carried  out  in  conjunction 
with  the  determination  of  the  soluble  fatty  matter.  The  extraction  of  the 
substitute  may  be  carried  out  with  ether,  but  acetone  is  to  be  preferred  as 
being  a  better  solvent  for  sulphur.  Carbon  bisulphide  might  perhaps 
appear  the  most  suitable  solvent  to  employ,  but,  as  a  matter  of  fact,  it  can- 
not be  used,  as  it  always  dissolves  from  the  substitute  a  small  quantity  of 
oi^ganic  matter  which  cannot  be  readily  separated  from  the  free  sulphur. 
Accordingly  we  proceed  in  this  manner,  that  from  3  to  5  grms.  of  the 
finely  ground  substitute  are  weighed  out  in  one  of  the  paper  tubes,  closed 
at  one  end,  which  are  much  used  in  milk  analysis.  The  open  end  of  this 
tube  is  then  lightly  closed  by  inserting  into  it  a  small  tuft  of  fat-free 
cotton  wool,  transferred  to  a  Soxhlet  extractor,  and  extracted  for  at  least 
four  hours  with  acetone,  the  extract  being  received  in  a  weighed  flask. 
After  extraction  the  acetone  is  completely  distilled  off.  The  extract  thus 
obtained  is  now  treated  with  20  c.c.  of  acetone  to  rcdissolve  the  organic 
matter  when  the  free  sulphur  separates  out  as  a  crystalline  mass.  The 
fatty  matter  being  completely  dissolved,  the  solution  is  filtered  through  a 
small  filter  into  another  weighed  flask,  care  being  taken  to  retain  the 
precipitated  sulphur  as  much  as  possible  in  the  first  flask.  The  latter  is 
then  washed  three  times  with  5  c.c.  of  cold  acetone,  all  the  washings  being 
successively  filtered  into  the  second  flask.  Finally,  the  small  filter  is 
carefully  washed  with  another  5  c.c.  of  acetone.  The  filter  is  then 
removed  to  the  first  flask,  and  10  to  15  c.c.  of  carbon  bisulphide  are 
filtered  through  it  into  the  first  flask.  Any  sulphur  which  was  poured 
into  this  filter  in  the  first  washings  will  thus  be  dissolved.  The  contents 
of  both  flasks  are  now  evaporated  to  dryness,  and  dried  for  one  hour  at 
100'  C.  If  the  operation  has  been  properly  conducted,  the  first  flask  will 
be  found  to  contain  a  number  of  globules  of  pure  sulphur,^  the  second  a 
clear,  semi-fluid,  fatty  substance.  The  amount  of  each  is  determined  by 
weighing. 

The  figures  so  obtained  are  satisfactorily  accurate  for  ordinary  purposes, 
but  occasionally  it  may  appear  desirable  to  apply  to  them  a  correction  on 
account  of  the  solubility  of  sulphur  in  cold  acetone,  which  amounts  to 
0*06  per  cent  at  a  temperature  of  18°  C.  Accordingly,  the  40  c.c.  of 
acetone  used  in  separating  the  sulphur  and  fatty  matter  would  dissolve 
0*020  grms.  of  sulphur.     To  correct  the  figures  we  would  therefore  have 

*  These  remain  liquid  for  a  long  time,  but  crystaUiae  instantly  on  being  touched  with 
aglaasrod. 
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to  daduot  thii  amount  *  from  tli«  amooDt  of  faUj  mmttm  pnmai,  mod  add 
it  (o  the  qtUDtitj  of  sulphur  m  Moertftinad  bj  vdghk 

ThaM  flgurM  alreadj  aflbrd  a  Tary  MtiaCMtorf  aritarioo  bj  wblah  to 
judge  the  idaotlty  of  the  qualitj  of  ineeawiTa  daliveriaa.  In  dooMol 
oaaeii  bowaror,  or  whan  it  beoomaa  oaoaMary  to  daeida  at  to  tba  {daotiiy 
or  otbarwiaa  of  aamplaa  from  diflaroot  aooroaa,  tba  datofmJnatioo  of  tha 
oombintd  sulpbor,  or  of  oomUnad  sulphur  and  ahlorina,  fai  tha  eaaa  of 
white  aobalitotaa  ihould  not  ba  omittad.  To  amploj  for  thia  parpoaa  tha 
■ubatituta  in  ita  ordinary  oooditton^i.e.,  to  detormino  tha  total  lulphor  in 
it,  and  then  put  tha  combined  aulphur  aa  the  diflfaranoa  batwaan  thia  total 
■ulphur  and  the  amount  of  free  aulphur  prerioual  j  aaoartafaiad — la,  howavar, 
not  permiaiibla.  The  reaaon  for  thia  objection  Uea  in  tha  faet  that  tha 
fatty  aztraot  alwaya  alao  oontaina  a  certain  amount  of  eombinad  solpbor 
which  cannot  properly  ba  oonaiderad  to  rapreaant  sdphnr  preaaot  fai  Iba 
form  of  insoluble  subetitute.  For  this  reaaon  the  combined  sulphur  should 
be  determined  in  the  extracted  sample  of  snbatituto  after  diying. 

For  thia  purpoaa  1  grm.  of  tha  extracted  snbatituto  ia  treated  according 
to  Hbsriquw'  method  for  the  detormination  of  the  total  sulphur  in  india 
rubber  fully  described  on  page  253.  The  amount  of  free  sulphur  should  be 
calculated,  not  upon  tho  extracted,  but  upon  the  unextrscted,  subatitute. 

The  aboTO  data  aoluble  fatty  mattor,  free  sulphur,  combined  sulphur 
^«ifBce^  in  the  vast  minority  of  cases,  to  decide  the  qneetion  of  conformity 
to  standard  of  samplea  of  substitute,  whito  or  brown,  and  alao  to 
judge  their  quality  in  general  aa  far  aa  chemical  analysta  can  deoide 
thia  point.  Itogarding  this,  it  may  be  taken  that  a  whito  aobatitoto 
containing  not  more  than  10  per  cent  of  soluble  fatty  matter  and  not  leaa 
than  8  per  cent  of  combined  sulphur,  or  a  brown  (black)  aubatitato 
containing  not  more  than  5  per  cent  of  soluble  fatty  matter,  and  the 
amount  of  free  sulphur  in  which  does  not  exceed  40  per  cent  of  the 
amount  of  the  combined  aulphur,  are,  from  the  ohemical  point  of  Tiew,  aaia 
to  oae.  It  ahould,  howcTcr,  always  be  remembered  that  theae  fignna 
repreaent  higher  limita — at  any  rate,  aa  far  aa  the  peroeotagea  of  aolnbia 
httj  matter  are  concerned. 

There  are  also^  howerer,  aome  technological  pointa  in  connection  with 
theee  substitutes  of  which  the  analyst  should  take  note.  It  b  quito 
feaaible  that  a  sample  of  substitoto  may  in  CTCiy  reapeot  come  up  to  oar 
analytical  atandard  and  neTertheleaa  prove  nniaflsfaototy  with  regard  to 
the  mixture  it  forms  with  the  india  rubber  between  the  mixing 
This  mixture  should  be  so  fine,  that  on  pulling  part  of  it  into  a 
skin,  no  appearance  of  atmotore^  due  to  microaoopie  particlea  or  flakaa 
of  aubetitute,  abonkl  be  obaenrable.  The  akin  aiioakl  baire  the  eppeai^ 
ance  of  an  opaleacent  or  turbid  medium.  Under  the  mieroaoope  a  thin 
film  ahould  preaent  the  image  of  fig.  8,  and  not  of  fig.  9l    And  thia  result 

>  It  b  Harealy  atOMMry  to  point  oot  that  it  wookl  bt  umitm  to  eany 
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should  be  arrived  at  without  the  mixture  requiring  an  amount  of  working 
detrimental  to  the  india  rubber. 

The  microaoopic  preparations  of  such  mixings  are  obtained  by  dissolving 
a  small  quantity  of  the  latter  in  sufficient  benzene  to  produce  a  solution  of 
the  oODsistency  of  thin  honey.  A  very  small  drop  of  this  solution  is  placed 
upon  one  end  of  a  micro  slide,  and  by  drawing  another  micro  slide  rapidly 
across  this  drop,  an  extremely  thin  rubber-substitute  film  is  produced, 
which,  after  a  few  moments'  drying,  is  ready  for  observation.  In  permanent 
preparations  no  mounting  media  should  be  used,  or  only  such  as  possess  a 
Tery  low  refractive  index. 

It  is  further  advisable  to  test  the  behaviour  of  both  white  and  brown 
substitutes  against  high  pressure  steam  at  vulcanising  temperatures  applied 
for  three  hours.  Substitutes  of  apparently  closely  similar  chemical 
oomposition  not  infreiinently  behave  very  differently  in  this  test,  some 
standing  it  veiy  satisfactorily,  others  suffering  more  or  less  pronounced 
decomposition. 

Substitutes,  whether  white  or  brown,  manufactured  from  oxidised 
(blown)  oils  contain  considerably  less  chlorine  and  sulphur,  or  sulphur, 
than  substitutes  manufactured  from  tlie  natural  oils.  Thus,  the  brown 
substitutes  I.  and  II.  quoted  on  page  144  have  been  manufactured  from 
blown  colza  oil,  and  No.  111.  from  ordinary  refined  maize  oil.  Likewise, 
the  white  substitutes  A  and  B  in  Hbnriques'  table  (page  147)  have  been 
manufactured  from  blown  or  oxidised  oils,  and  C  from  a  natural  oil.  But 
while  brown  substitutes  produced  from  blown  oils  are  at  least  as  satis- 
factory as  those  obtained  from  natural  oils,  and  for  some  purposes  distinctly 
superior,  the  same  is  not  true  for  white  substitutes  prepared  from  blown 
oils.  These  exhibit  a  distinct  lack  of  stability  as  compared  with  the 
normal  products. 

3.  Beains,  Pitches,  and  Waxes. — The  analysis  of  these  substances  is  a 
very  simple  operation. 

The  resins  which  are  employed  in  the  manufacture  of  india  rubber 
goods  are  very  few.  The  most  important  are  colophony  and  shellac.  The 
low  price  of  colophony  renders  an  adulteration  of  it  a  practical  impossibility. 
Shellac,  owing  to  its  much  higher  price,  is  much  more  liable  to  be  tampered 
with.  It  is  stated  that  adulterations  of  this  resin  with  colophony  have 
been  observed.  These  can  readily  be  discovered  by  the  solubility  of  pure 
shellac  in  ether,  in  which  colophony  is  practically  insoluble. 

The  pitches  used  in  the  rubber  manufacture  arc  coal  tar  pitch,  stearine 
pitch,  and  asphaltum.  ChcU  tar  pitch  is  prepared  by  boiling  the  liquid 
coal  tar  until  it  has  reached  such  a  consistency  that  it  sets  just  hard,  but 
not  brittle,  on  cooling.  At  least  90  per  cent  of  it  should  be  soluble  in 
boiling  benzene. 

Stearine  pitchy  the  origin  of  which  is  sufficiently  indicated  by  its  name, 
varies  very  greatly  in  its  composition  and  apixjarance.  It  occurs  some- 
times as  a  very  sticky,  almost  treacly  mass;   sometimes  it   forms   hard. 
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brittle  piaoat;  bat  the  onlj  form  in  which  it  is  MtWbetofy  to  om  it  in  th« 
form  of  a  oobarmt  lemiphuitio  niMiL  It  it  by  no  mttnt  t  homoftotoot 
body,  but  oontitto  of  a  part  tolublt  in  tthor,  aeeiooe,  and  btnttnt^  and  ol 
another  part  which  b  intoluble  in  all  tolventtb  The  tolable  paK  eontitta 
praoticallj  eutirelj  of  fluoreteeot  hjdroearboot,  and  aboold  contain  no 
aapooiBable  matter.  The  iiuoluble  part  it  a  black  oarbonaeaoaa  maaa  lU 
amount  thoold  not  aioaed  30  par  oant,  but  often  forma  aa  much  aa  60  per 
cent  of  the  prodnet 

Atphaltum  it  not  eztentivolj  uted,  and  the  productt  in  the  market 
under  thia  name  differ  wtrj  greatlj  in  oompoaition  and  propertiet.  The 
quality  generallj  uted  In  rubber  workt  ta  that  known  aa  Syrian  or 
Judea  Atphaltum.  Only  from  4  to  5  per  cent  of  it  thould  be  toluble  in 
aloohoL  From  40  to  50  per  cent  should  be  toluble  in  ether,  and  the 
whole  in  diloroform,  turpentine,  and  nitrobenaene. 

Prtotioally  the  only  waxet  uted  in  connection  with  india  rubber  are 
paraffin  wax,  and  ceretin  or  oiokerite.  The  quality  of  theee  productt  it 
ezpretted  by  their  melting  pointt,  which  for  paraffin  wax  rangea  from 
about  28  to  AS*  a,  and  for  oeretin  from  70  to  76*  C.  Adulterationt  of 
paraffin  wai  are  toaroely  feaaible,  but  adulterationt  of  oeretin  with  rtain 
(colophony)  are  by  no  meant  uncommou.  This  it,  howoTcr,  eaaily  detected 
by  the  aolubility  of  retin  in  60  per  cent  ttrong  alcohol,  in  which  ceretin  it 
entirely  insoluble.  The  quantitative  determination  of  this  adulteratiaQ  it 
carried  out  by  boiling  2  grmt.  of  the  ceretin  with  20  c.a  of  alooholio 
toda  (6  per  cent.)  for  twenty  minutet  on  a  reflux  oondenter.  The 
hydrocarbon  it  then  allowed  to  tolidify  by  cooling,  when  the  alcohoUe 
aolution  is  poured  into  a  dish,  the  flask  with  the  ceretin  rinted  ttTeral 
times  with  small  quantities  of  aloohol,  and  the  wathingt  added  to  the 
alcoholic  solution.  This  tolution  it  then  CTaporated  to  dryneai,  the  reaklna 
again  taken  up  with  boiling  water,  tlightly  acidulated  with  hydrochloric 
acid,  and  again  oTaporated  to  dxynett.  The  free  retin  it  now  ttpaimted 
from  the  todium  chloride  preeent  by  ditaolring  it  in  aloohol,  OYapofrnting 
to  dryncts,  and  weighing  the  retidue.  Or  the  weight  of  the  first  obtained 
mixture  of  retin  and  todium  chloride  is  atoertained,  the  whole  then  ignited, 
and  the  weight  of  the  residual  todium  chloride  determined.  The  oaleok- 
tion  of  the  amount  of  retin  present  it  obriout. 


CHAPTER  IV. 
INORGANIC  COMPOUNDING  MATERIALS. 

Tm  inorganic  compounds  used  in  india  rubber  mixings  serve  a  number 
of  purposeSi  and  their  suitability  must  be  considered,  therefore,  from  the 
point  of  view  of  the  particular  effect  aimed  at  by  their  employment. 

Foremost  stand  the  compounds  used  as  filling  or  bulking  agents,  the 
chief  purpose  of  their  employment  being  to  reduce  the  price  of  the  manu- 
factured article.  Next  in  importance  stand  the  substances  acting  as 
*  sulphur  carriers,*  and  the  eflfect  of  which  is  either  to  hasten,  or  else  to 
modify,  the  vulcanisation  in  certain  ways.  Lastly,  there  are  a  number  of 
compounds  which  are  employed  to  give  the  manufactured  article  some 
definite  colour.  It  must  not,  however,  be  assumed  that  there  exists  a  sharp 
line  of  division  between  the  compounds  of  one  group  and  those  of  the  other 
two.  Most  of  the  filling  agents  more  or  less  distinctly  influence  the  vul- 
canisation ;  some  of  the  sulphur  carriers  might  perhaps  be  employed  as  much 
for  bulk-giving  purposes  as  on  aujcount  of  their  colouring  properties.  The 
above  division  into  three  groups  is  therefore  in  some  cases  somewhat 
arbitrary,  but  this  objection  is  scarcely  of  sufficient  weight  to  sacrifice  to 
it  the  obvious  advantages  of  the  classification.  In  the  present  section  we 
shall  only  deal  with  those  inorganic  compounds  which  are  chiefly  used  as 
bulking  or  filling  agents. 

It  is  almost  needless  to  say  that  all  filling  materials  to  be  used  in  india 
rubber  should  be  chemically  absolutely  inert  substances;  they  should 
not  be  appreciably  affected  by  temperatures  of  from  180  to  200°  C,  and 
their  solubility  in  water  should  be  very  slight — practically  nil.  That  they 
should  be  free  from  impurities  deleterious  to  india  rubber  goes  without 
saying,  but  any  danger  in  this  respect  is  very  remote.  This  makes  it 
evident  that  the  chemical  points  in  relation  to  inorganic  compounding 
materials  are  of  a  very  simple  description,  calling  rarely,  if  ever,  for  more 
than  the  most  elementazy  chemical  tests.  The  selection  of  the  material  to 
be  employed  for  some  particular  mixing  is,  indeed,  in  the  first  instance  more 
a  matter  of  certain  physical  considerations  than  of  chemical  ones — in  other 
words,  the  inorganic  material  to  be  'compounded'  with  the  india  rubber  is, 
in  the  vast  majority  of  cases,  selected  simply  on  account  of  the  physical 
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propertim  it  ooofen  upon  Um  mannftiotofid  wtieltt.  Thit  it  CU10U7  it  v« 
■bcmld  ttipeot,  oooiidariiif  thai  Um  vati  oMJoriij  of  indk  rablMr  soo(b  m« 
■ul^aotod  to  phjdoil  wwur  oolj ;  but  it  K  at  the  mum  timi^  obrioot  tlM»  in 
the  nuoufaoture  of  india  rubber  goodi  intended  for  nae  in  ohemJcal 
operatioDi,  the  telaotion  of  the  pariioukr  inorganio  eonpounding  material 
to  be  emplojed  mutt  primarily  be  indoeoeed  bj  the  nature  of  the  ohemical 
iniluenoei  to  which  the  goodt  would  be  eubjeoted  when  in  uee^  and  oolj 
tueh  oompounding  materiab  thould  be  need  whieh  behave  at  enttrelj 
indifferent  tubtlanott  under  the  ehemieal  infloenoet  in  qnettion. 

Perhepe  the  moet  obTiont  effeot  of  mineral  *  oompounding  malerialt '  fai 
India  rubber  it  their  influenoe  upon  the  tpedfio  graritj  of  the  manufiifitured 
article.  Indeed,  thit  it  to  pronoanoed  that  the  tpeoifio  grarity  of  such  an 
artiolo  it  in  certain  circles  still  looked  upon  as  a  reliable  criterion  bj  whieh 
to  judge  ite  qualitj.  Of  course,  I  need  bardljr  point  out  that  the  extoMive 
employment  of  *  subsUtutct '  has  rendered  this  criterion  huigelj  illueorjr. 
NeTortheleeB,  a  high  specific  grarity  is  tcaroeljr,  if  CTor,  looked  upon  at  a 
recommendation  in  manufactured  india  rubber,  and  for  thit  reaton  the 
choice  of  a  particular  compounding  material  is  often  dictated  by  the  000- 
sidoratioo  of  this  point  Since,  however,  the  addition  of  theee  inoipuiie 
bodies  it  chiefly  made  with  a  view  of  cheapening  the  manufactured  prodnei 
— in  other  worda,  to  gain  weight — it  should  be  pointed  out  that  the  dete- 
rioration of  quality  caused  in  manufactured  rubber  by  tuch  addition  it 
not  merely  a  matter  of  their  absolute  weight,  but  also  of  their  bulk.  The 
greater  this  latter,  the  g^reater  the  deteriomtion  of  quality  in  the  produot^ 
eo  that  on  this  account  it  would  H'P^'^  preferable  to  produce  a  detartd 
increase  in  weight  by  using  a  compounding  material  of  high  tpedfio  gravity 
and  email  bulk,  rather  than  one  of  low  gravity  and  therefore  large  bulk, 
although  it  oould  not  be  said  that  this  is  the  general  practice  in  rubber 
factoriet.  It  must,  however,  be  admitted  that  in  oases  where  the  article  to 
be  manufactured  is  intended  to  resist  shocks  (stability)  rather  than  tenaion, 
a  oompounding  material  of  smaller  specific  gravity  is  often  to  be  preferred. 

The  specific  gravities  of  the  more  generally  uaed  inorganic  oompounding 
materials  are  as  follows : — 


MaltriaL 

ax 

Whiting.  CbOOw  . 
PUittforPMi%Ob804. 
Oypnm,  OiSO^JH/). 
B.ryt«.  B.80«.    . 
Msgnsria.  MgO.    .        . 

97-9-9 

9-9 

8-9 
4^-4*6 
8-9*8«« 

UtbMge.  PbO.  ...  9-9 

Whittlatd.SPb0.90(VH^.     •>-«'< 
Latdialphati,Pb80«       .        9*l-«-9 
8iUea,8iOb(lafbmi«liarthX    1*<«-1'99 
Lithop(NM.2o8-l-Bs80«.  .        8'e-4-l 
lbgiiariomoarboiiUs,MgO(V     9-8-81      rkweh  dislk«  ll|gM/)»H» 
Sineoski«,£DO.  .       .  6*6         OUaa  sky.  A^Bi^  H«i 

Asbtitns  (Mftirnfldtim—Oddnm 
siUesto), 

It  should,  however,  be  pointed  out  that  the  physical  ooostanU  shown  by 
manufactured  india  rubber  ooutAiniiiLf  anv  of  the  above  malerialt  are  by  no 
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simply  a  function  of  the  speoifio  g^vity  of  the  latter.  This,  indeed, 
it  only  true  of  the  specific  gravity  of  the  manufactured  article.  All  the 
other  ooDstantB  vary  in  a  nmnuer  which  bears  no  relation  to  the  specific 
gravity  of  the  inorganic  compounding  materials  used,  and  the  ciiuse  of  these 
variations  is  entirely  unknown.  It  is  most  probably  closely  connected 
with  the  physical  state  or  structure  of  these  compounding  materials. 

This  matter  is  one  of  very  considerable  importance.  A  most  valuable 
contribution  on  this  point  we  owe  to  Hbinzbblino  and  Pahl.^  These 
authors  prepared  a  large  number  of  rubber  mixings  with  a  considerable 
variety  of  inorganic  and  organic  admixtures,  and  submitted  tliese  samples 
after  vulcanisation  to  a  series  of  chemical  tests,  the  tabulated  results  of 
which  are  reproduced  in  extento  below. 

All  the  samples  were  subjected  to  the  following  tests : — 

Sulphuric  Acid. — The  weighed  samples  were  immersed  in  sulphuric  acid 
of  sp.  gr.  1*1562  at  ordinary  temperature.  After  immersion  they  were 
dried,  weighed  again,  and  the  changes  which  htid  taken  place  during 
immersion  noted.  For  samples  I.  to  XYIIL,  the  time  of  immersion  was 
20  days ;  for  samples  XIX.  to  XXXII.,  10  days. 

Aceiic  Acid. — An  acid  of  sp.  gr.  1  0584  was  used.  The  immersion  was 
only  continued  for  3  days,  the  action  of  this  acid  being  much  more  rapid. 

Caustic  Soda. — A  solution  of  sp.  gr.  1*3084  was  employed  and  allowed 
to  act  during  3  days.  The  weights  and  specific  gravities  of  the  samples 
before  and  after  treatment  were  observed,  as  also  in  the  case  of  the  acetic 
acid  and  ammonia. 

Ammonia. — A  solution  of  sp.  gr.  0*9775  was  allowed  to  act  during 
4  days. 

Samples  I.  to  XVIII.  were  washed  after  treatment  with  the  above 
solutions,  and  dried  for  6  hours  at  100°  C. ;  samples  XIX.  to 
XXXII.  were,  without  washing,  exposed  to  the  air  for  48  hours,  and 
subsequently  dried  at  100*  C.  for  30  minutes. 

Cciza  OH  of  sp.  gr.  0*9102  was  used,  and  the  samples  immersed  in  it 
during  5  days.  In  these,  as  also  in  the  two  following  tests,  the  specific 
gravities  of  the  samples  before  and  after  immersion  were  determined. 

Mineral  Oil. — A  lubricating  oil  of  sp.  gr.  0*8991  was  employed.  Time 
of  immersion  5  days. 

A  mixture  of  90  per  cent,  of  mineral  oil  and  10  per  cent,  of  tallmo  was 
allowed  to  act  upon  the  samples  during  5  days  at  100'  C. 

»  Verhandl,  d.  Vereins  z.  Be/ML,  d.  Ottoerhefl.,  Berlin,  1891-92. 
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To  tMt  the  Mtkm  of  iUmmmoHng  pas  upoo  the  implw^  Um  kll«r 
during  30  daji  inaertad  io  n  lube  through  which  th«  g/u  «■•  pMriag  to  a 
buruer. 

Chaogw  of  Toluma  weft  deienninad  bj  wbmm  of  a  mierantUr  fl»{Mible 
of  indioatiog  0*01  mm. 

The  tendle  tlrength  wm  detormined  bj  meant  of  a  mtehina  tlmikr  to 
tbott  uttd  for  the  dettrminatioo  of  tht  ttrtngth  of  toitile  ftbriot.  The 
ttmpitt  uted  fur  thit  porpott  were  3  om.  king.  0*5  cm.  wide,  tod  3  mm.  io 
thicknett. 

The  chtoget  of  form  were  determined  bj  meant  of  a  machine  dmiUr 
to  thott  uted  for  making  onuhing  tetia  00  building  materiabi  and  tht 
■amplet  wert  tubjeoted  to  a  comprtttion  of  4*9  kilot  par  tquaia  ototfaDtlra 
during  one  minute.  The  change  in  thicknett  of  the  tamplat  ondar  tliit 
Lett  waa  detarmiued  by  meant  of  the  micrometer. 

The  changat  of  form  under  the  influence  of  repeated  thockt  were 
determined  bj  aubjecting  the  tamplet  to  50  blows  of  a  hammer  of  3  kgmt. 
weight,  falling  each  time  through  a  height  of  0*35  m. 

The  nature  of  the  deformationt  oauted  bj  tteady  pretturt  and  bj 
luunmoring  retpectively  may  be  gleaned  from  the  following  figurea  A 
(cruthed)  and  B  (hammered) : — 


Fig.  a. 


WukK 


The  tetts  of  the  behaviour  of  the  tamplet  againtt  heat  were  carried  out 
in  an  oven  provided  with  a  glatt  door,  to  that  thej  were  under  obaai  tttion 
ail  the  time.  The  temperature  wat  raited  10*  C.  every  half  hoar  witil 
150*  C.  had  been  reached. 


The  electric  insulation 
electrometer.    The  tamplet 
tettad.^ 


wat  atoartained  by  meana  of  Wi 
all  heated  for  half  an  hour  before 


tadeoasfai* 


>  Tb«  sbov*  pMrtieulari  of  testa,  m  wall  aa  tba  foUowiag  tiblss 
bMa  tnuislatad  from  Skbuomamh^  FrtBch  tnmsJation  of  tha 
spiU  of  many  aflbrta.  wsa  inaecmrihla  to  om.    Fbr  thb  rmaoa  I  aaa 
oonfonnity  of  n^  own  with  SatUgmaaali 


^hav. 
hi 


fcrtlM 


[r 
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Chemical  Tests. 


i — BamplM  prHMNd  to  Authoi't  Initnictloiu. 

Action  of  OtH^Oi. 

1 

AoUonof 

Mo<tiflca- 
tioiii  in 

Modmoationsperoent. 

^ 

8 

10 

0  ti. 

Va 

A 

QoMiUty  and  Nature  of 
AdmUturea. 

If 

wo 

' 

WeighU 
percent. 

In 
Volume*. 

In 
Weights. 

I. 

90 

0 

0-999 

-4-259 

+  2-912 

+     0-982 

II. 

85 

6 

10 

Golden  sulphide,    . 

1-070 

•o 

-  8-099 

+   2-985 

+     2-097 

III. 

7.'i 

6 

20 

Golden  sulphide,    . 

l-IOl 

£ 

-3-521 

+   3-846 

+     3-048 

IV. 

80 

10 

10 

Zinc  oxide,     . 

1-087 

ea 

-8-274 

+   4-854 

+   29-132 

V. 

60 

10 

40 

Zinc  oxide,    . 

1-283 

-2-074 
-1-810 

+  28155 

+  153-035 

VI. 

10 

10 

80 

Zinc  oxi<ie,    . 

1-614 

+  27-868 

+  116-950 

VII. 

80 

10 

/    5 
1    5 

Zinc  oxide,    .         .  \ 
Chalk,  .        .         .  r 

1-184 

T3 

-2-930 

+  6-857 

+   80-887 

VIII. 

60 

10 

/20 
I20 

Zinc  oxide,    .        .  \ 
Chalk,                     .  / 

1-266 

d 

-2-280 

+  28-828 

+  181-899 

IX. 

10 

10 

/40 
140 

Zinc  oxide,     .         .  V 
Chalk,  .                 .f 

1-452 

-1-802 

+  29-464 

+  160-097 

X- 

60 

10 

/20 
\20 

Zinc  oxide,     .         .  \ 
Fluor  apar,     .        .  / 

1-296 

S 

00 

-1-464 

+  17-475 

+  62-616 

XI. 

10 

10 

r40 

40 

Zinc  oxide,    .        .  \ 
Fluor  spar,     .         .  f 

1-502 

-1-627 

+  31780 

+  124-689 

XII. 

60 

10 

J20 
20 

Zinc  oxide,    .         .  1 
Litharge,        .         .  / 

1-340 

-1-864 

+  12-766 

+  78-642 

XIIL 

10 

10 

40 

"  40 

Zinc  oxide,    .         .  \ 
Litharge,        .         .  / 

1-669 

0^ 

-1-406 

+  23-711 

+  77-411 

XV. 

60 

10 

40 

Hrown  substitute,  . 

1-053 

i;s 

-4-081 

n.c 

+     0-580 

XVI. 

80 

10 

60 

Brown  substitute,  . 

1-062 

5^ 

-2-473 

n.e. 

+     2-180 

XVII. 

60 

10 

40 

White  substitute,  . 

1-064 

-6  076 

+   1-709 

+     6-378 

XVIII. 

30 

10 

60 

White  substitut**,  . 

1-031 

*fe 

-6-306 

+  2-970 

+     8-695 

XIX. 

87 

10 

3 

Magnesia, 
Slaked  lime,  . 

1-130 

*^ 

-0-982 

+   4-231 

+   18-718 

XX. 

87 

10 

8 

1-027 

3 

-0-924 

+  4-273 

+     6-297 

XXL 

76 

10 

16 

Paraffin  wax, 

1-075 

-4-806 

+   5-063 

-     0-354 

XXIL 

66 

10 

26 

Paraffin  wax, 

1-041 

-8-273 

+  2-197 

-     0-674 

XXV. 

76 

10 

15 

Turpentine,   . 

1-030 

1 

-3-367 

n.e. 

+     2  732 

XXVL 

66 

10 

26 

Turpentine,   . 

1065 

-8-582 

n.e. 

+     6-442 

XXVIL 

85 

10 

6 

Glycerine, 

1062 

5 

-5-921 

n.c. 

-     0-420 

XXVIII. 

80 

10 

10 

Glycerine,      . 

1-060 

S 

1 

-6-571 

n.e. 

+     2-400 

XXIX. 

80 

10 

10 

Bitumen, 

1080 

-8-686 

+   1-980 

+     0-650 

XXX. 

70 

10 

20 

Bitumen, 

1086 

-2-421 

n.c. 

-     0  607 

XXXI. 

60 

10 

80 

Ground  rubber  waste. 

1101 

s 

-2-336 

n.c. 

+     0-332 

XXXIL 

80 

10 

60 

Ground  rubber  waste. 

1-101 

-8-889 

+   1-769 

+     0-729 

lA. 

III 

6 

... 

... 

0-925 

- 1  -344 

n.c. 

n.c. 

H,e.  Nochang«. 
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TacU. 


Vo. 

AellMofVaOB. 

A«ii«iofni». 

iij 

igj! 

p 

1 

1 

9ir«Ml. 

pmmaM, 

to 

wA. 

to 

TolmaM. 

w4;^ 

L 

II. 

111. 

IV. 

V. 

11.  C 

-4*854 
-4-864 

-4-371 
-f87l 
-0*084 

u,e, 
n.e. 

-0727 
-0-274 
-0*888 
-0*826 
-0*814 

+28*214 
+  20^17 
+  28-481 
+  25*242 
+82110 

+  58*846 

+  84^16 

+  21-782 
+58^78 

+  42718 
+89-694 
+  51-486 
+  89-428 
+  48-519 

+  9765 

+  9166 
+  7-561 
+  11-079 
+  10*085 

VI. 

«.«. 

-0-087 

«.«. 

-0779 

+  47*272 

+78-947 

+86-440 

+  7-674 

VII. 

11.  e. 

-8-814 

«.«. 

-0*629 

+  24187 

+  65766 

+  40178 

+  10-868 

VIII. 

n,e. 

-S'050 

«.«. 

-0*866 

+  87-247 

+  77*670 

+  46*296 

+  7-270 

IX. 

-  0-8W 

-1-422 

«.«. 

-0707 

+  27*198 

+66-868 

+  86*598 

+  5-821 

X. 

-   1-000 

-8*848 

«.& 

-0*465 

+28*858 

+  51-928 

+  40-884 

+  8*549 

Zl. 

«.«. 

-2*180 

«.& 

-0*612 

+  28*671 

+  65-048 

+  41*121 

+  1-452 

ZII. 

».«. 

-1*158 

fkt. 

-0-011 

+  87*894 

+  68768 

+  88*618 

+  10<0tt 

XIII. 

n,e. 

-0*282 

Re. 

-0*888 

+  28-712 

+  57-916 

+  801)00 

+  8-«95 

XV. 

XVI. 

-   I'SSS 

-5745 
-4-M5 

-  8-571 

-0787 
-0744 

+  21*428 
+20*889 

• 
• 

+  60714 
+82*n8 

+  11798 
+  14-047 

XVII. 

XVIII. 

XIX. 

XX. 

XXI. 

-  7DI7 

-  »-708 

11.6 

-  0547 
-10*688 

-9  728 
-»-«58 
-1-821 
-8-680 
-5-602 

-1724 
-1-241 

-2147 
-1-649 
-0*247 
-0*827 
-1-722 

+  11*111 
+  14-428 
+  6*260 
+  18*487 
+  28  595 

• 
• 
• 
• 
• 

+  44*545 
+  66*445 

+  86*440 
+29752 
+M750 

+  7-574 
+  7-987 

+io-ia 

+  10-0tt 
+  12758 

XXII. 

XXV. 

XXVI. 

XXVII. 

XXVIII. 

-  7-5M 
«.& 

-  5-MO 

-  8-848 

-4-847 
-8-210 
-5-281 
-7-828 
-7-W2 

-2-882 
+  0*289 
+  0*496 
+0-309 
+8-909 

+  10-000 
+  20*491 
+  26-782 
+  28^04 
+21-561 

• 
• 
• 
• 
• 

+85781 
+  89*608 
+  81-460 
+  48-214 
+  45*794 

+  18*581 
+  10*2a 
+  11-882 
+  11-618 
+  8-905 

XXIX. 

XXX 

XXXI. 

XXXIL 

fl.C 
flkC 

-  S-849 

-  0*888 

-4*882 
-8*426 

-8*478 

«.e. 
•I-0-869 

+  0121 
+  0*226 
+  0718 
-2*081 

+  10-484 
+  17-647 
+  14-160 
+  15781 

+  78-684 
+  75757 

• 
• 

+  45714 
+  40740 
+  68-846 

+  47-000 

+  12-514 
+  11*248 
+  10-810 
4*  5-807 

Ll 

«.& 

1 

«.«. 

+  1*592 

+28-461 

• 

+54-188 

+  15-121 

me  Noohaagtb 
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Physical  Tests. 


A.-8uDpl«  pnparwl  to  Aothorli  IiMtroetloM. 

Modulus 

of 
PrsMure 

per 
l*mm. 

Vo. 

^1 

ll 

n 

QtuaUtTAndNatoraot 
AdmUtora. 

|| 

1 

Modulus 
of  Resist, 
anoeper 

Diftentl- 
blllty 
in  mm. 

lOO^m. 

grms. 

grnit. 

I. 

00 

10 

0 

0-999 

48-6 

213 

1100 

II. 

86 

6 

10 

Golden  sulpliide,     . 

1070 

88  0 

218 

790 

III. 

76 

6 

20 

Golden  sulphiile,      . 

I'lOl 

47-5 

2r>g 

850 

IV. 

80 

10 

10 

Zinc  oxide, 

1-087 

48-5 

427 

825 

V. 

60 

10 

40 

Zinc  oxide. 

1-288 

a 

47-6 

480 

725 

VL 

10 

10 

80 

Zinc  oxide. 

1-614 

1 

43-6 

548 

660 

VII. 

80 

10 

5 

Zinc  oxide,       .         .  \ 
Chalk,     .         .         .f 

1-184 

4^ 

46-0 

440 

760 

VIII. 

60 

10 

/20 
20 

Zinc  oxide,               .  \ 
Chalk,     .         .         ./ 

1-225 

a 

65-0 

642 

710 

IX. 

10 

10 

J40 
t40 

Zinc  oxide,       .         .  \ 
Chalk,     .         .         ./ 

1-462 

69-0 

658 

665 

X. 

60 

10 

20 
120 

Zinc  oxide, 
Fluor  spar, 

1-295 

s 

48-0 

404 

660 

XL 

10 

10 

/40 

4(1 

Zinc  oxide,       .         .  \ 
Fluor  spar,                .  i" 

1-602 

77-6 

568 

640 

XIL 

60 

10 

)20 
(20 

Zinc  oxide,                .  \ 
Litharge,                   .  / 

1-840 

81-6 

404 

490 

XIIL 

10 

10 

HO 
t40 

Zinc  oxide,      .         .  | 
Litharge,         .         .  ( 

1-569 

^4 

81-0 

352 

805 

XV. 

60 

10 

40 

Brown  substitute,    . 

1-068 

£  S 

1^ 

22-6 

220 

750 

XVL 

80 

10 

60 

Brown  substitute,    . 

1-052 

S  oo 

22-5 

77 

360 

XVIL 

60 

10 

40 

White  substitute,    . 

1-061 

160 

66 

600 

XVIIL 

80 

10 

60 

White  substitute,    . 

1-081 

?i 

150 

55 

455 

XIX. 

87 

10 

8 

Magnesia, 
Slaked  lime,    . 

1-130 

a* 

70-6 

427 

465 

XX. 

87 

10 

8 

1  -027 

^  o 

45-0 

225 

665 

XXL 

76 

10 

16 

Paraffin  wax,   . 

1-075 

16-0 

109 

880 

XXIL 

66 

10 

2.'. 

Paraffin  wax,   . 

1-041 

14-0 

115 

1025 

XXV. 

75 

10 

15 

TuriKfutine,     . 

1-080 

e 

15-0 

96 

826 

XXVL 

66 

10 

25 

Turpentine,     . 

1-065 

• 

12-0 

61 

630 

XXVIL 

85 

10 

5 

Glycfriuo, 

1-062 

8 

29-9 

876 

975 

XXVIIL 

80 

10 

10 

Glycerine, 

1-060 

? 

25-6 

366 

1050 

XXLX. 

80 

10 

10 

Asphaltum, 

1-080 

45-0 

842 

950 

XXX 

70 

10 

20 

Asphaltum, 

1086 

1 

67-5 

407 

875 

XXXL 

60 

10 

SO 

Gronnd  rubber  waste, 

I  101 

5 

29-0 

178 

650 

xxxir 

80 

10 

60 

Ground  rubber  waste, 

1-101 

^ 

25-6 

166 

600 

Ll. 

lil 

6 

0-925 

88-6 

280 

772 
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PfajriaJTeffti. 


GMa 

p«f9teaM4irlto 

. 

Va 

tail 

•IfoagOoii. 
•\us. 

tail 

l{ 

— 

PWi 

— ~ 

ij 

il 

ii 

i 

l| 

ll 

ii 

il 

■■k 

1^1^ 

MM. 

■HB. 

■M* 

^■. 

■■1. 

■M. 

L 

0*M 

ri8 

0^ 

9-00 

0-96 

1-64 

0-71 

276 

117 

NonML 

IL 

I-Sf 

1-48 

l-i7 

9-00 

1-81 

1*88 

1-08 

4*60 

12 

IIL 

1-08 

118 

1-01 

8-26 

110 

1-40 

0-09 

6*00 

8 

tM 

IV. 

I -01 

1-07 

0-98 

9-60 

1-00 

1*81 

0-82 

4*60 

171 

M 

V. 

lU 

116 

110 

9-60 

109 

1-40 

0*91 

476 

128 

»• 

VL 

1-17 

1-20 

Ml 

9-60 

111 

1-86 

099 

6*60 

4 

•  ( 

VII. 

I'M 

1-16 

IDl 

9-00 

1X>6 

1-80 

0*91 

4*26 

4 

•  f 

VIIL 

i-w 

1-20 

102 

9*00 

1-02 

1-28 

0*90 

476 

4 

»• 

IX. 

114 

I'M 

1-03 

9-00 

ri8 

1-68 

0*96 

6*00 

8-6 

t( 

z. 

0-M 

1-W 

0-91 

9-00 

1-00 

1*42 

0*82 

4*76 

2 

•• 

XI. 

1-08 

1-07 

0-96 

9-00 

1-09 

1-28 

0*98 

4*60 

8*6 

tl 

XII. 

O-M 

0*88 

0-86 

8-26 

0-98 

116 

0-82 

8*60 

2287 

•  • 

XIIL 

o-«i 

0*84 

0*88 

8-00 

0-91 

119 

078 

4-00 

2S0-6 

•  • 

XV 

O'Sft 

0-98 

076 

8-60 

0-78 

1*22 

0-87 

476 

9 

Tapoitnoa  riWiif 

XVL 

ri» 

iSsr^ 

0-92 

4-25 

1-16 

102 

1-21 

0-91 

6D0 

2 

•• 

XVII. 

O-M 

1-20 

0-84 

6-60 

1-06 

078 

876 

60 

M 

lv^<w- 

XVIIL 

1-00 

]•» 

0*91 

•Us 

0-94 

0-98 

0*84 

4-60 

22s 

M 

XIX. 

IIM 

1-08 

1-08 

10-00 

1-01 

1-28 

0*91 

4*60 

7-8 

KoratL 

XX. 

1-28 

1-86 

lotf 

8-60 

1-^1 

1*66 

0-98 

8-26 

9-6 

t» 

XXL 

0-91 

118 

0-78 

7  60 

1-21 

1*66 

0*98 

8-26 

1 

Vapovnoa  laitiBg 
8ra|i«ml«nw 

X.XII. 

116 

1-20 

101 

7-26 

111 

1*45 

077 

676 

0 

•■ 

XXV. 

I'M 

1-26 

0-97 

8-60 

118 

1-64 

1*01 

8*26 

l-ft 

TSJLSJJJf 

XXVL 

1-02 

1-21 

0-91 

8-60 

1-09 

1*28 

0-82 

4*00 

14 

XXVIL 

1-07 

1-41 

1-00 

7-76 

108 

1*84 

0-98 

4-25 

8 

t* 

XXVIIL 

114 

1-85 

1-08 

8-00 

1-18 

1-92 

0*92 

2*60 

8 

#• 

XXIX. 

1-55 

I'M 

116 

4-60 

1-28 

1-08 

1-08 

8-76 

2 

NoomL 

XXX. 

1-07 

1*42 

0*96 

8-60 

108 

0-90 

0-90 

2*00 

2 

•• 

XXXL 

1-04 

1-86 

0-91 

2-60 

1-08 

0*91 

0*91 

276 

8*8 

M 

XXXIL 

i-a6 

1*44 

1-17 

4*80 

1*42 

1-08 

1-M 

4*00 

1*8 

M 

r — 

Ll 

1*88 

1-88 

1-26 

10-00 

1-88 

1*29 

1-29 

778 

rts 

M 
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INDIA   RUBBER   AND  ITS  ANALYSIS. 


Chemical  Tests. 


&-OMnm«raUl  India  Babbar  Artiolea. 

Action  of 

Action  of  Ci^4(h. 

It 

III 

ModiflcatioDs 

1 

If 

91 

9 

QoanU^  and  Naiora  of 

Modiflca- 
tionsin 
WalfbU 
pwoent. 

per  cent. 

Voloffifla. 

Weights. 

0 

0-990 

0-999 

+  0-588 

+  0-714 

+  2-540 

8 

82 

8 

10 

Chalk,     . 

rioo 

1111 

+  0-998 

+  19088 

+  87-688 

8 

43 

5 

7 
45 

Brown  sabstitute,    . 
Zinc  oxide,      .        .  ^ 

■    1-400 

1-490 

+  0-402 

+  84-259 

+  51-819 

4 

47 

7 

27 
16 
1« 

Chalk,     . 

Zinc  oxide, 

Golden  sulphide,      . 

■    1-400 

1-500 

-   1-427 

+  46-216 

+  81-790 

6 

88 

0 

\    8 
9 

Chalk,     . 
Zinc  oxitie. 

1-200 

1-304 

-   0-665 

+  42-975 

+  90-209 

6 

70 

7 

23 

Chalk,     . 

1-1»>6 

1-222 

-   0-830 

+  37-190 

+  72-947 

7 
8 

92 

0 

8 

Metal,»    . 

0-999 

1-111 

-   1-168 

+  2-J05 

+  26-263 

71 

7 

/16 
6 

Chalk,     .         .         .1 
Zinc  oxide,       .         .  j 

1-450 

1-660 

-   0-832 

+   9-278 

+  53-321 

r « 

Brown  substitute,    .  ] 

9 

58 

0 

80 
6 

.   1 
(   4 

Chalk,     . 
Metal,!    . 
Paste,!    . 
Brown  substitute,    . 

■   1-215 
1-550 

1-880 

-  0-532 

+  7-627 

+  78-623 

10 

36 

6 

■   27 

Chalk,     . 

1-720 

-  0-169 

+  19-841 

+  11-298 

127 

Zinc  oxide, 

r « 

Brown  substitute,    . " 

11 

81 

6 

15 

40 

I  2 

r  4 

10 
8 

Chalk,     . 

Zinc  oxide, 

Paste,!     .                  .J 

Brown  substitute,    .  1 

Chalk,     . 

Zinc  oxide, 

1-600 

1-806 

-  0-869 

+  21-481 

+  18-589 

12 

89 

0 

8 

0-5 
82 
I  8 

r  8 

52 

Metel,!    . 
Paraffin  wax,   . 
Fluor  spar. 

Mixture,!         .         .  J 
Golden  sulphide. 
Chalk,     . 

.    1-650 

1-920 

+   1-808 

+  15'126 

+  81-422 

18 

22 

0 

0-5 
0-5 
11 
I  6 

(-40 

Paraffin  wax,  . 
Paste,!     . 

BecoTered  rubber,    . 
Brown  substitute,    .  J 
Chalk,     .         .        .] 

7i.e. 

1760 

+  28-448 

+  17-855 

+  21-078 

14 

80 

0 

26 

8 

I  2 

ri8 

8 

Zinc  oxide. 

Metal,!    . 

Paste,!     .        .J 

Chalk,     . 

Metal,!    . 

►    n.c 

1-908 

+  5-824 

+  21-705 

+  15-708 

15 

20 

0 

2 

85 

Paste,!     . 
Fluor  spar. 

'    n.c 

2  041 

+  41-666 

+  21-538 

+  15-228 

Ll2 

Lead  oxide,      .         .  j 

1 

For  farther  information  on  these  compounds,  see  page  174.  n.e.  No  change. 
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TmU. 


ofVaOR. 


«.& 


10 


•1-470 

«.& 
n,e. 


s-sss 

1*068 

1«47 

0-664 


1*6S4 
1-M6 

1*600 


-  4-660 


191>88 


•*nu. 


•I-  0462 
•I-  4*001 

+  16-071 


•¥  6-660 
•I-11-460 

+  16-217 


+  10-S60 


+  6-SM 


+   1-60S 
+  8-S67 

+  4-809 

+  47SS 

+  8-877 


+  6-600 
+  88  660 

+  17-662 


+82*406 


+  6-868 


+  18-046 
+  6-666 

+  47*668 
+  8708 

+  6*1«0 


+  6787 
+  6-882 


ii.fi. 


+27*480 


+  86-641 
4-28-664 

+  81-428 
+  10  077 

+  12-881 


+  12*068 
+  8*450 

+  18*666 


+  6*024 


+80708 


+  88-811 
+  70-882 

+  84-866 

+66118 

+  7-682 


+  18-888 

+  84  •6n 

+  64-847 


+  18-668 


+  81-678 


mtmmm 


liWf 


+i2'ai 

+  12188 
+  €im 

+  6-686 

+  8-271 


+  8tl68 

+  8-418 

+  4-886 


+  4-188 


+  4-484 


11 


12 


18 


14 


16 


0-688 


m.«. 


n,9» 


«.«. 


20-661 


-14724 


-   1-601 


-   1-666 


-  0168 


+  4-847 


+  7*488 


+  8-090 


+  10*166 


+  6-288 


+  6-008 


+  8-891 


+  8-666 


+  6*666    +  6*474 


+20-696 


+  27-168 


+  16-126 


+  7*081 


+  10-687 


+21-428 


+82*418 


+  14-876 


+  8-064 


+  11«K7 


+  64*482 


+47*680 


+  88-848 


+27-480 


+  6-088 


+  6-8a 


+  4-080 


+  8*887 


+  8*122 


«.«.  No 
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INDIA    RUBBFR    AVI)    ITS   ANALYSIS. 


Physical  Te«tg. 


B.-CoauMC«ial  India  Babbar  ArtloI«a. 

Modulni 
of  PreMure 
perl*  mm. 

Modnlos 
ofRMltt. 
anoeper 

DUtonii- 

bility 

In  mm. 

loo'mm. 

Ho. 

l{ 

QoanUty  and  Natnra  of 

Hi 
Ml 

il 

grms. 

grms.. 

1 

91 

9 

0 

... 

0-990 

0-999 

83  5 

201 

676 

S 

82 

8 

10 

Chalk,     . 

rioo 

1-111 

40 

280 

600 

8 

48 

6 

u 

Brown  substitute,    . 
Zinc  oxide,      . 

^    1-400 

1-490 

21 

349 

680 

4 

47 

7 

/27 

tie 

M6 

Chalk,     .        .        ."l 
Zinc  oxide,      .        .  j 
Golden  sulphide,      A 

1-400 

1-600 

88-6 

124 

160 

6 

88 

0 

9 
9 

Chalk,     . 

Zinc  oxide,      .         .  J 

1-200 

1-304 

43 

173 

236 

6 

70 

7 

28 

Chalk,     . 

1-166 

1-222 

16 

86 

190 

7 

92 

0 

8 

Metal,»    . 

0-999 

1-111 

16 

25 

110 

8 

71 

7 

/16 
■     6 
i    ^ 

Chalk,     .         .         .\ 
Zinc  oxide, 

1-450 

1-660 

31-6 

63 

146 

Brown  substitute,    .  \ 

9 

68 

0 

30 

6 

,  1 

f   4 

Chalk,     . 
Metal,'    . 
Paste,*     . 
Brown  substitute,    .  \ 

■   1-216 

1-330 

12 

33 

110 

10 

86 

6 

-  27 
27 

Chalk.     . 
Zinc  oxide,      . 

1-650 

1-720 

37-6 

188 

650 

[,? 

Brown  substitute,    .  ^ 

11 

81 

6 

15 

40 

L  2 

f   4 

10 

8 

Chalk,     .        .         .  ! 
Zinc  oxide,      . 
Paste,»    .         .         J 
Brown  substitute,    . ' 
Chalk,     . 
Zinc  oxide. 

1-600 

1-S06 

36 

146 

810 

12 

89 

0 

0-5 
32 
I  8 

r  8 

62 

MeUl,»    .                 .  I 
Paraffin  wax,  . 
Fluor  spar,      . 
Mixture,* 
Golden  sulphide. 
Chalk,    . 

1-660 

1-920 

24 

81 

270 

18 

22 

0 

0-6 
0-5 
11 

I  6 

f40 

Paraffin  wax,  . 
Paste,*    . 

Recovered  rubber,   . 
Brown  substitute,    . 
Chalk,    .        .        .>! 

n.c 

1760 

41-5 

116 

140 

14 

80 

0 

25 
8 
2 

ri8 
8 

Zinc  oxide, 
Metal,*    ... 
Paste,*    .         . 
Chalk,     .                 .^ 
Meul,* 

»t.c. 

1-903 

38-6 

161 

126 

16 

80 

0 

2 
86 

1 12 

Paste,*     . 

Flaor  spar. 

Lead  oxide,     .        . ) 

n.e. 

2  041 

22-6 

61 

110 

*  For  further  inrormatiou  on  these  compounds,  9ee  page  174. 


n.e.  No  change. 
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«7» 


n^jiteilTttli. 


of 

oftllMt 


Jl 


l'S6 
I'M 

110 


1*18 
110 


6 
7 

8 
9 

10 


1-^ 
l*il 

0*39 
112 

l-2« 


P» 


1*82 
1-76 

l-«7 


1-Sft 
1-20 


11 


1-29 
1*24 

1-04 


1-04 
1*08 


1-82 
1-08 

0*78 
0*82 

1*35 


118 
0*81 

0-82 
0*87 

1*20 


Hi 


8 

6  60 

7*60 


6*26 
8*60 


7*26 

7*60 

(12*60) 

7*60 
(18*26) 

0*26 

(H) 

7-76 


ol 


il 


1*42 
114 


1*28 
1*09 


1*29 
1*24 

0-92 
1*16 

1*29 


P» 


2*04 
1*72 

148 


1-42 
1*18 


1-88 
1-01 

0*87 
0-88 

1*84 


P 


1*18 
108 

1-02 


1-07 
1*01 


1*10 
0-90 

0*76 
0*82 

1*12 


iii 


2*76 
1*60 

476 


4-60 
6 


6*26 
8*26 

7 
9-24 


Vonad. 


BvelatiM  of  Ttpooit  m 


dMto     ' 


CittitMA 


Atl60r 


BMOiMt  lurd  asd  brittU. 
It  t(  (t 

Blicteft  mm!  turn  hud. 


TanM  itiU  karte 

At  from  40  to  60* 
and  btwlut. 


11 


12 


18 


14 


16 


1*84 


1*26 


1-18 


1-27 


1-81 


.1*41 


1*21 


1-91 


0*78 


0*88 


1-27 


1-04 


1*18 


1*07 


0-90 


8*60 


8-fiO 
(12*60) 


8*26 


8*26 
(W-60) 


8 

(16*60) 


1*88 


1-48 


1-24 


6-26 


1-24      1-08      1*05 


1-28 


1*24 


1-82 


1*07 


1-08 


112 


Ooffa. 


I^UM  VMJ  mIL 


1*08 


1-08 


1-04 


9 

(1«) 


9-26 
(12-60) 


8-26 

(12) 


TteM 
IMT 


;Md  AboT* 
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Chemical  Tests. 


AettoDofCtH40^ 

AcUonof 

Mo^lfica- 
Uont  In 
Weight* 

Modiflcationt  per  cent. 

Va 

It 

80 

|1 
Itl 

QoAnUtT  and  Nature  o 
Admlxtoree. 

1! 

Volume*. 

WelghU 

XXXIII. 

20 

0 

1-096 

-   2-028 

n.c 

+   0-746 

XXXIV. 

60 

20 

rio 
lio 

Turpentine,  . 
Colophony,    .        .  f 

n.e. 

+  16-183 

n.c. 

-   8-501 

XXXV. 

60 

20 

1  16 

Turpentine,  . 
Colophony,    .         .  / 
Asphaltunj,    . 

n,e. 

-   2-018 

+  2-608 

-   4-989 

XXXVI. 

60 

20 

20 

n.e. 

+  28-581 

n.e. 

-   7-345 

XXXVII. 

40 

20 

40 

Asphaltiini,   . 

n.c 

-   9-f)04 

n.c 

-   9-127 

XXXVIII. 

70 

20 

10 

Vermilion,     . 

1-177 

-    3-226 

+  2-000 

-   0114 

XXXIX. 

60 

20 

20 

Vermilion,     . 

1-384 

+  17-651 

n.e. 

n.c. 

XL. 

40 

20 

/ID 
80 

Turpentine,   .         .  \ 
Slaked  lime,  .         .  / 

1-276 

-  2-608 

+  8-200 

+  25-454 

XLL 

10 

20 

/lO 
60 

Turpentine,   .         .  \ 
Slaked  lim*-,  .         .  f 

1-811 

-   7-880 

+  4-964 

+  61  148 

XLII. 

40 

20 

rio 
tso 

Turpentine,    .         .  \ 
Magnesia,                .  / 

1-203 

-   4-208 

n.e. 

-   1-296 

XLIIL 

10 

20 

rio 

160 

Turpentine,    .         .  \ 
Magnesia,               .  J 

1-428 

-   8-833 

n.e. 

-   2-886 

XLIV. 

66 

20 

... 

n.e. 

n.c 

n.e. 

n.e. 

Physical  Tesi 

». 

a-8 

Amples  of  Sbc 

nite  Mann&ustores. 

Modulus 

Distensi- 

Ho. 

it 

II 

1 

Qc 

antity  and  Nature  of 
Admixture*. 

Modulus 
of  Pre*8ure 
per  1*  mm. 

of  ResUt- 

tance  per 

l*mm. 

billty 

in  ram. 

perlOOmm. 

gmi*. 

grms. 

XXXI IL 

80 

20 

0 

... 

1095 

48  5 

105 

146 

XXXIV. 

60 

20 

no 

116 

Turpentine,    . 
Colophony,     . 

n.e. 

15 

142 

175 

XXXV. 

60 

20 

in 

tl5 

Turpentine,   . 
Colophony,    . 

n.e. 

12 

46 

135 

XXXVL 

60 

20 

20 

A<*phaltum,    . 

n.e. 

17 

69 

145 

xxxvn. 

40 

20 

40 

Asphalium,    . 

n.e. 

24 

244 

175 

XXXVIII. 

70 

20 

10 

Vermilion,     . 

1177 

82-5 

197 

185 

XXXIX- 

60 

20 

20 

Vermilion,     . 

1-884 

61 

841 

190 

XL. 

40 

30 

10 
8p 

1'urpentine,    . 
SUkedliroe,  . 

1-276 

22-6 

122 

275 

XLL 

10 

20 

iio 

■  60 

Turj)entine,   . 
Slaked  lime,  . 

1-811 

10 

66 

285 

XLII. 

40 

20 

;io 

80 

Turpentine,    . 
Magneda,       . 

1-208 

81-7 

890 

105 

XLIII. 

10 

20 

rio 

160 

Turpentine,   .         .  "1 
Magnesia,               .  / 

1-428 

25-9 

272 

101-25 

XLIV. 

66 

86 

n.c 

excellent 

excellent 

incommen- 
surable 

No  change. 
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XXXIIL 
XXXIV. 

XXXV. 

XXXVI. 
XXXVII. 


11.0. 


2-«M 
1-4S6 

0187 
Oils 


ifVlt. 


•I- 0*490 
•l>0*6ll 

••-0-4S8 

•fOS44 
•l-0*4a8 


PI 


-t-ia^Ms 

•I-  S7S8 

•I-  l'4t8 

•I-  6*440 
•I-  4'«18 


I 


•»•  7'«74 

•I-  1*418 
•f  l-ftlft 


ii 


•l-SO'OOO 

•I-  a-MS 

•I-  f-tM 

•fM-OM 
•I- 16*881 


ij! 


•flit 

•••  8*0U 

•I-11-S04 
•I-10D6S 


XXXVIII. 
X.XXIX. 

XL 

XLI. 
XLII. 


11.6. 

-9^)64 


8*183 
8*861 

1*404 

14*146 

1*878 


flktf. 

m.«. 

-1*861 


•I- 0*406 
•I- 0*881 

-0*688 
-8188 
•f  0*896 


+  0*868 


%.e. 


•1-11*856 
+  7*777 

•I-  0*868 


«.& 


•1-41*768 
•I- 88 '707 

•I- 80*000 
*  7*884 


XLIII. 
XLIV. 


n.e. 


0*589 
0*646 


•l-0*886 


«.«. 


«.& 


•••  8*571 

•I-  0*881 

•I-  8*811 

••-  7*886 

•f  7*478 


•I-  4^10 
•I-  8*568 


Physical  Testa. 


Vtt. 


XXXIIL 
XXXIV. 

XXXV. 

XXXVI. 
XXXVII. 


1*85 
8*80 

1*04 

1*67 
1*78 


9 

I" 


1-44 
1-71 

0*89 

1*65 
1-54 


P 


1*17 
«.& 

0-89 

1*66 
1*58 


lit 


4-50 
10*50 

11-50 

11*00 
18*85 


t| 


1*86 
8*88 

8*07 

1*98 
2*81 


P 


1-88 
8-85 

1-57 

1-67 
8-84 


P 


1*80 
8-86 

1*57 

1*67 
8*85 


in 


10-00 


11-85 
11*00 


108 
575 1 

8 

60 
8 


Normal 
KTolodMi  «r 


XXX  Mil. 
XX.XIX. 

XU 


0*86 
0*91 

1-80 


XLI.     1*56 
XLIL     1*38 


0*86 
0*89 

1-48 

1*67 
0-78 


0*87 
0-89 

1*08 
1*81 
0*89 


10*00 
10*00 

7-50 

8*50 

18*50 


0-98 
0*85 

1-88 
1-86 
0*97 


0*87  I  0*87 
0*98 

1-41      0*88 


0*88 


0*76 


11-85      111 
10*00        46 

6*50      105*5 


11-60 


NoraaL 
NoranL 


XLIII. 
XUV. 


0*61 
1-87 


0-50 
1-87 


0*50 
1*87 


11*85 


0-61 
1*86 


0-55 
1*88 


0*57 
1*88 


11 


818 

68 
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The  Tuloanising  compounda  repeatedly  alluded  to  in  the  foregoing 
tahlee  are  '  secret '  preparations,  the  employment  of  which,  as  is  evidenced 
by  the  behaviour  of  the  samples  prepared  with  them,  generally  results  in 
the  production  of  defective  goods.  Pahl  and  Hbinziruno  have  analysed 
these  products  and  found  their  composition  as  follows : — 

MelaL — A  mixture  of  sulphur  with  the  constituents  of  ultramarine. 

PatU. — Paraffin  wax,  or  a  mixture  of  resin  with  certain  organic 
residues:  the  whole  dissolved  in  turpentine,  and  mixed  with  plaster  of 
PariS)  lime,  and  magnesia. 

Mixture, — A  solution  of  regenerated  rubber  in  turpentine. 

The  following  are  the  conclusions  arrived  at  by  Pahl  and  Hbinzbrlinq 
at  the  end  of  their  numerous  and  laborious  experiments : — 

1.  All  oi^ganic  or  mineral  additions  diminish  the  eladicity  of  soft  rubber 
goods;  vulcanisation  with  10  per  cent,  of  sulphur  produces  the  best  results 
in  point  of  elasticity.  On  the  other  hand,  certain  organic  substances  such 
as  turpentine,  colophony,  asphaltum,  and  likewise  certain  inorganic 
compounds  such  as  vermilion  and  slaked  lime,  not  only  do  not  diminish 
the  elasticity,  but  often  even  increase  it. 

2.  The  resistance  to  pressure  of  soft  rubber  goods  is,  to  a  certain  degree, 
increased  by  the  addition  of  asphaltum,  chalk,  fluor  spar,  zinc  oxide,  and 
especially  by  calcined  magnesia.  The  resistance  of  hard  rubber  is  increased 
by  the  addition  of  vermilion  and  of  magnesia,  likewise  by  prolonged 
vulcanisation  and  a  higher  proportion  of  sulphur.  All  other  additions  of 
inorganic  and  organic  compounds,  with  the  exception  of  asphaltum  in 
small  quantity,  decrease  the  resistance. 

3.  Additions  of  mineral  substance  such  as  zinc  oxide,  litharge,  chalk, 
magnesia,  lime,  also  asphaltum  and  glycerine,  improve  the  mechanical 
strength  of  soft  rubber.  Provided  certain  limits  are  not  exceeded,  this  is 
also  true  for  hard  rubber  containing  asphaltum,  turpentine,  and  colophony, 
together  with  chalk  or  magnesia.  On  the  other  hand,  the  mechanical 
resistance  of  india  rubber  is  sensibly  diminished  by  the  addition  of 
vulcanised  oils  (substitutes),  turpentine,  and  paraffin  wax. 

4.  The  opinion  that  pure  india  rubber  mixed  with  sulphur  is  the  best 
ituulator  is  erroneous.  Mixtures  of  india  rubber  with  zinc  oxide,  lime, 
magnesia  in  small  quantities,  antimony  pentasulphide,  brown  substitute, 
white  substitute  in  very  small  quantities,  turpentine,  colophony,  and 
paraffin  wax  all  give  superior  results.  Especially  mixtures  of  india  rubber 
and  paraffin  wax  stand  out  very  prominently  in  this  respect.  Vermilion 
and  litharge,  on  the  other  hand,  reduce  the  dielectric  properties  of  india 
rubber,  and  magnesia  in  large  proportions  has  a  similar  effect.  The 
worst  results  under  all  circumstances  are  obtained  with  cold  cured  india 
rubber. 

5.  All  mixtures  of  india  rubber  with  organic  compounds  give  off 
vapours  at  temperatures  from  130  to  150*  C.  For  articles  which  in  use 
are  exposed  to  higher  temperatures,  such  admixtures  should  therefore  be 
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AToided.    Tha  other  compoonding  mAterids  gmenXlj  behave  well  in  Uilt 
roii|»eoL 

6.  All  mixturw  oonUioiog  ohalk,  fluor  ipar,  UthAige,  and  rioe  oiid*  ttn 
■titmglj  AOted  upon  bv  '  rio  Aod  Aoetle  aoid.  The  motion  of  Umm 
aekb  alwaji  oaumi  a  001.  o  ineraaee  In  weight  doo  to  tho  fonnatioQ 
of  oithor  inaolublo  or  bMio  aUta. 

Tht  daitrootiTO  aoUoo  of  all  oib  upon  in'iia  rubber  U  more  partimiAriv 
oboekod  bj  the  addition  of  lithnrgo  and  lino  oxide ;  other  itiurganio  ad- 
inizturet  are  much  le«  ofleotiTe.  The  mixtures  examined  in  the  Ibngoing 
tables  are  not  tuffioiently  modified  bj  either  the  alkalies  or  eoal  0m  to 
allow  anj  definite  oonclusions  to  be  drawn.  All  orgaaie  admixtures 
protect  the  compound  more  or  less  from  the  oorrosiTe  aetioo  of  the  acids. 

7.  There  is  a  genersl  tendenoj  in  india  rubber  oootaining  inorganio 
admixtures  to  harden  and  become  brittle  on  prolonged  storing.  They  also 
offer  leei  wistanoe  to  mechanical  infinenesib  hut  their  insulating  power 
appears  to  remain  unimpaired. 

All  thoee  who  have  any  practical  acquaintance  with  the  manuCsctiire 
of  india  rubber  goods  will  entirelj  agree  with  the  abore  condoslooit 
oonstdered  merelj  as  general  statements.  But  while  I  respsei  the 
enormous  amount  of  painstaking  work  accomplished  in  theie  tables  bj  the 
authors,  I  ncTertheless  think  it  should  be  pointed  out  that  the  ralue  of 
the  tables  (A)  is  much  diminished  bj  the  fact  that  all  the  componndings 
were  rulcanised  under  identical  conditions  of  temperature  and  pressure  and 
time.  But|  at  the  same  time,  the  ratio  of  sulphur  to  rubber  Taries 
enormously,  from  10  to  100  per  cent,  so  that  prscticallj  in  each  test  the 
most  important  of  all  vulcanising  conditions,  the  ratio  (sulphur  :  rubberX 
will  not  bear  oomparison  with  any  of  the  other  testa.  Therefore  the 
diffivence  in  the  degree  of  Tulcanisation  of  the  different  ssmplsi  most  have 
been  enormous,  even  if  we  leave  altogether  out  of  account  that^  for  the 
same  ratio  of  S/H,  the  degree  of  vulcanisation  in  samples  vulcaniasd  under 
identical  physical  conditions  varies  very  oonsklerably  with  the  nature  and 
({unntity  of  even  such  inorganic  admixtures  which  we  know  to  be  indifferent 
to  sulphur.  For  these  reasons  I  fear  that  these  tables  do  not  give  us  any 
very  reliable  indication  of  the  influenoe  of  the  inorganic  and  Ofganio 
admixtures  experimented  with  upon  the  manuCsetuied  india  nibber. 
This  uncertainty,  no  doubt,  affects  the  chemical  tesU  to  a  very  con^erable 
degree,  but  even  more  so  the  physical  tests. 

As  regards  the  tables  (B),  I  must  oonfess  to  being  altogether  unable  to 
comprehend  the  meaning  of  these  oompoondingi^  the  grsatert  part  of 
which  appear  to  me  as  extraordinary  speotmens  of  the  '  rubber  mixer^ ' 
fancy  and  imagination.  Perhaps  my  expecieaee  of  rubber  manufcelurss 
is  not  suflloiently  extensive^  but,  excepting  the  fint  nine  wpttimm^  I 
oertaioly  must  oonfess  that  I  couki  not  name  any  artiele  whieh  might 
be  manufactured  from  the  oompoundings  specified  from  Na  10 


CHAPTER  V. 

VULCANISEES  AND  STTLPHUE  CARRIERS. 

Thb  ohemioal  and  physical  aspects  of  the  vulcanising  process  have  been 
fully  dealt  with  in  the  foregoing  chapters,  not  only  as  regards  the  vul- 
canisation  with  sulphur  and  chloride  of  sulphur,  but  also  as  regards  the 
various  other  processes  proposed  at  different  times,  and  perhaps  also 
practised,  though,  no  doubt,  often  experimentally  only.  The  question  of 
vulcanisers  and  sulphur  carriers  from  the  manufacturing  point  of  view  is, 
however,  well  worth  a  separate  discussion,  for  not  only  are  commercial 
brands  of  sulphur,  chloride  of  sulphur,  and  the  various  recognised  sulphur 
carriers  apt  to  vary  in  composition,  but  also  to  contain  impurities 
capable  of  affecting  the  India  rubber  detrimentally.  A  constant  control  of 
the  vulcanising  materials  used  in  the  factory  is  therefore  one  of  the  most 
important  tasks  of  the  rubber  works'  chemist. 

Sulphur. — As  is  well  known,  sulphur  exists  in  a  number  of  modifica- 
tions, which,  apart  from  their  morphological  distinctions,  differ  from  each 
other,  in  some  cases  considerably,  in  their  physical  properties,  and  show 
also  unmistakable,  if  slight,  differences  in  their  chemical  behaviour.  We 
posaess  at  present  no  positive  information  which  would  enable  us  to  decide 
whether  these  differences  have  any  effect  upon  the  vulcanising  properties 
of  these  various  modifications.  Since  the  vulcanising  temperatures  lie 
more  or  less  considerably  above  the  melting  point  of  sulphur,  it  might, 
perhaps,  a  priori  be  assumed  that  no  such  differences  in  the  vulcanising 
properties  of  the  various  modifications  of  sulpliur  can  exist,  but  it  is  not 
at  all  improbable  that  differences  of  molecular  aggregation  and  configura- 
tion of  at  least  some  of  these  modifications  actually  persist  in  the  fused 
sulphur,  and  some  little  support  for  this  proposition  is  perhaps  to  be  found 
in  the  empirically  established  fact  that  the  different  kinds  of  sulphur  not 
infrequently  produce  rather  different  vulcanisation  results.  This  applies 
more  particularly  to  the  crystalline,  as  distinguished  from  the  amorphous, 
kinds  of  sulphur. 

The  modifications  of  sulphur  are  very  numerous,  and  the  subject  is  by 
no  means  exhausted  from  the  scientific  point  of  view.  We  need  not,  how- 
ever, deal  here  with  the  rare  and  somewhat  doubtful  modifications  of  this 
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elemaoti  bat  eoofliM  oanelvea  to  th«  oommonly 
are:— 

L  (hnUmtrp  Rkombie  ((kMsdnO)  M!p4«r.— ILP.  111-114*0,  aP. 
448*  a,  Sp.  Or.  aoaO  to  9-070. 

IL  Momodimk  (Pritmaiie)  Sulpkur.^M.P.  117*4-120*  C,  8p.  Or.  1*958. 
Thii  modifioatioD  ii  rmtlMr  unrtable,  and  roadilj  reverie  to  the  ftrrt  end 


OfTiUJUiia  modiftoetioM  are  very  eoluble  in  earboo  Ueolplilda 
and  in  a  large  number  of  organic  eolventa  It  is,  indeed,  queetionable 
whether  anj  organic  bodj  niati  which  doea  not  diMolve  iulphur.  Boom 
of  the  detarmined  eolabilitiat  are  :— 

100  pMti  of  OtfboB  bifolphide  at   1 5*  C.  dlMo1r«  37        p^rti  of  B, 


•I        »i  •»  •»    71 

,.  TohMae  ,.    S8 

„       M  Bthtf  „    St-f 

,1       tt  Cblurafuna  ,*    99  1"j1j 

„        ..  Fhoool  M  174  16*350 

„  AafliM  „  180  $5*370 

The  aolubility  of  sulphur  in  acetone  I  found  to  bo  as  follows  :^ 

At  10*  a,  o-oipffOMit. 

.,  M  .  .        0-25        ., 

m.  Amorphous  Sulphur. — This  seems  to  exist  in  a  great  nomber  d 
varieties.  Meet  of  the  amorphous  Tarietiei  are  insoluble  in  oarboo  hi- 
sulphide,  but,  according  to  Dbvillb,^  these  are  to  a  coosidefmblo  extent 
soluble  in  chloroform,  ether,  and  alcohol  The  cooditaoos  determining  the 
reversion  of  insolublo  to  soluble  sulphur  were  inTestigatad  bj  Kttana,*  who 
showed  that  the  two  modifications  not  onlj  differ  in  their  moleenlar 
weights,  but  that  thej  must  be  regarded  not  only  as  phjsical,  but  also  as 
chemical  isomers,  comparable  to  the  allotropic  modificatJoos  of  oxjgen. 

Very  finelj  subdivided  sulphur  is  at  ordinary  temperatores  slowlj 
oxidised  bj  atmospheric  oxygon.  This  is,  no  doubt,  the  reaaon  why  the 
variety  known  as  *  flowers  of  sulphur '  invariably  contains  a  small  amount 
of  sulphuric  acid,  occasionally  as  much  as  0*5  per  cent  In  this  reqMOt 
it  is,  however,  remarkable  that  the  still  much  more  finely  subdividod  'pre- 
cipitated sulphur '  very  rarely  shows  any  trace  of  acidity. 

The  chiefly  used  commercial  varieties  of  sulphur  are: — 

1.  Solphor  stieka. 
9.  Flowtis  of  nlphor. 
S.  Mflkofsalpbar. 
4.  Prwipitstod  solphnr. 
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1.  For  the  analysis  of  sulphur  in  ttieks  or  lumja,  in  whioh  form  it  is 
generally  used  for  '  sulphur  baths,'  a  determination  of  the  ash  present  is 
all  that  is  required.  This  is  carried  out  by  careful  ignition  of  a  few  grammes 
of  sulphur  in  a  porcelain  crucible,  and  weighing  the  residue. 

Aisenic  occurs  only  in  very  minute  quantities  in  Sicilian  sulphur,  but 
not  inconsiderable  quantities  are  often  to  be  found  in  *  recovered '  sulphur. 
It  may  be  present  in  the  form  of  arsenious  acid  or  as  arsenious  sulphide. 
The  presence  of  these  compounds  is  detected  by  treating  the  carefully 
ground  sample  at  a  temperature  of  80*  C.  with  a  10  per  cent,  solution  of 
ammonia,  filtering,  and  evaporating  the  filtrate.  Or  the  filtrate  is  acidu- 
lated with  hydrochloric  acid,  the  arsenious  sulphide  which  separates  out 
filtered  off  and  determined  separately,  while  the  arsenious  acid  in  the 
filtrate  is  determined  by  the  well-known  methods. 

Selenium,  which  occurs  not  infrequently,  is  of  no  account  for  the 
purpose  of  vulcanisation ;  moreover,  it  is  only  present,  if  at  all,  in  extremely 
small  quantities. 

2.  Fioweri  of  Sulphur  call  for  rather  more  careful  analysis.  The  ash 
is  determined  as  above  described.  The  acidity  is  ascertained  by  suspend- 
ing 5  to  6  grms.  of  the  powder  in  from  80  to  100  c.c.  of  water  and  titrating 
with  a  ^  standard  solution  of  caustic  soda.  As  the  'flowers'  are  only 
with  great  difficulty  wetted  by  the  water,  it  is  to  be  recommended  to 
weigh  the  quantity  to  be  used  for  titration  in  a  dry  wide-necked  flask, 
and  moisten  the  sulphur  with  a  small  quantity  of  alcohol.  If  now  the 
water  is  added,  a  good  suspension  is  readily  obtained.  The  total  acidity 
ascertained  is  calculated  as  sulphuric  acid.  How  much  acid  is  admissible 
must,  of  course,  somewhat  depend  upon  the  quality  of  the  products  for 
the  vulcanisation  of  which  the  sulphur  is  to  be  employed ;  but  considering 
how  greatly  even  a  very  small  amount  of  sulphuric  acid  may  affect  the 
resiliency  of  india  rubber  articles,  not  more  than  0*2  per  cent,  should  ever 
be  allowed,  and  for  all  those  goods  in  which  either  high  elasticity  or 
lightness  of  colour  are  important  considerations,  sulphur  containing  acid 
should  be  altogether  avoided. 

In  many  cases  flowers  of  sulphur  contain  a  somewhat  large  amount  of 
moisture.  This  should  be  determined  by  drying  in  a  desiccator  at  ordinary 
temperature.  Drying  in  a  stove,  owing  to  the  not  inconsiderable  vapour 
tension  of  sulphur  at  100*  C,  is  apt  to  give  entirely  erroneous  figures. 

I  consider  it  further  desirable  to  determine  the  proportions  of  soluble 
and  of  insoluble  sulphur  by  treating  for  an  hour  5  grms.  of  the  sample 
with  60  c.c.  of  carbon  bisulphide,  shaking  the  mixture  at  frequent  intervals. 
The  solution  is  separated  from  the  insoluble  portion  by  liltration,  and  the 
filter  residue  washed  with  a  small  volume  of  carbon  bisulphide.  The 
filtrate  and  washings  are  collected  in  a  weighed  flask.  After  distilling  off 
the  bisulphide  and  drying  the  flask  while  still  hot  by  a  moderate  air  blast, 
the  amount  of  soluble  sulphur  is  ascertained  by  weighing.  The  insoluble 
portion,  of  course,  represents  insoluble  sulphur,  ash,  acids,  and  moisture. 
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It  ii  larprisiiig  how  Kntaionily  nabbar  iMotilMteNn  oUag  to  tiM  «m 
of  ilowen  oT  sulphur  for  fuloanitfaif  porpoM^  oonridtftof  tlHit  tbii 
produot  U  one  of  the  most  Tanablo  and  imporo  fomt  of  ooounowtol 
nilphor. 

S.  MUk  of  5M4>)Uir^nndar  this  dmm  a  produot  it  oArod  whioh  b 
•uppoted  to  offer  AdTanU^cet  over  flowers  of  sulphur.  All  the  Mmplas  1 
havo  not  with  oootain  a  more  or  less  oonsiderable  amount—SO  to  30  per 
oeot— of  oaldnm  sulphate.  Very  often  this  produot  oootains  also  soluble 
•alts,  in  which  oa»e  it  is  iuTariablj  ttronglj  hjgroeoopio.  As  oflso  as  not^ 
(Vee  aoid  is  present  Altogether,  there  is  noihiug  in  this  prspaimtioo  to 
reoommend  it  to  the  rubber  mannCsotorer. 

4.  FndpiLU&l  Sulphur.^Th\M,  undoubtedlj  the  best  of  all  forms  of 
sulphur  for  ruloantiing  purposes,  is  prepared  bj  the  prooipitatkm  of 
sulphur  from  the  solutions  of  polysulphidos  with  hjdroohlorio  aokl  osder 
oloselj  defined  oonditions.  It  forms  an  impalpable  powder  prewnring, 
under  the  mioroeoope,  the  appearance  of  Torj  small  globules  of  amorphous 
sulphur  (tee  fig.  11),  but  is  oompletelj  soluble  in  carboo  bisniphide.  It 
should  not  contain  more  than  3  per  cent  of  moisture^  nor  mors  than  a 
trace  of  ash.  Neither  should  it  contain  any  matter  soluble  in  either  water, 
dilute  hydrochloric  acid,  or  dilute  ammonia. 

Pahl  and  Hiinskbuno  (sss  page  174)  deeoribe,  under  the  names  of 
*  Paste,  Metal,  and  Mixture,'  certain  vulcanising  oompoonds  whioh  are 
mure  or  less  complicated  mixtures  of  quite  a  variety  of  heterogeoooos 
substances.  These  preparations  are  at  best  utterly  worthless ;  the  priees 
at  which  they  are  sold  bear  no  relation  to  their  intrinsic  value,  and,  un- 
fortunately, their  continued  existence  is  an  undeniable  proof  that  the  india 
rubber  industry  still  harbours  and  eDooonges  the  teehnioal  sopeistitiops  of 
the  dark  sges. 

Ohloride  of  Sulphur. — This  product,  sulphur  monochloride  SsCI,.  is 
extensively  employed  for  the  process  of  vulcanisation  in  the  oold.  The 
oloeer  the  composition  of  the  commeroial  product  corresponds  to  the 
theoretical  figures  calculated  for  S,C1,— CI,  52*51  per  cent ;  S,  47*48— the 
better.  Commeroial  sulphur  monochloride  may  contain  either  free  sulphur, 
of  which  it  is  an  excellent  solvent,  or  an  exoees  of  ohlorine  in  the  fonn  of 
the  dichloride  SCl^  Both  impurities  are  known  to  ooour  not  unoommooly. 
While  free  sulphur,  however,  only  becomes  objectiooable  if  its  amount 
exceeds  certain  limits,  the  presence  of  sulphur  dichloride,  in  however  snail 
a  quantity,  should  not  be  tolerated.  Excess  of  sulphur  may  oaose  an 
eflloresoenosh  teohnically  termed  *  sulphuring  up,'  of  sulphur  upon  the 
vulcanised  surfaces,  whioh,  although  objectionable  from  the  point  of  view 
of  appearanoe,  does  not  affect  the  soundness  of  the  vnlnsniitkwi ;  \nX  tiM 
presence  of  comparatively  small  quantities  of  the  dichloride  prodnesi  a 
disagreeable  and  more  or  less  pronounced  hardness  in  the  india  rubber. 
The  cause  of  this  is,  of  coune,  perfeoUy  obvious,  and  lies  in  the 
chlorinatioo  of  the  india  rubber. 
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The  oommeroial  article  is  by  no  means  very  constant  in  its  composition 
and  properties,  and  the  products  of  diflferent  makers  differ  widely.  Con- 
aidering  what  was  said  above  respecting  the  presence  of  either  sulphur  or 
chlorine  in  sulphur  monochlorido,  and  further,  bearing  in  mind  tlio  serious 
difficulties  which  are  likely  to  arise  through  unnoticed  variations  of  the 
chloride  of  Kulphur  used  for  either  the  vulcanisation  of  india  rubber  or 
for  the  manufacture  of  white  india  rubber  substitutes,  the  urgent  necessity 
for  the  continuous  analytical  control  of  the  chloride  of  sulphur  used  in  a 
rubber  factory  is  very  obvious.  It  may  safely  be  asserted  that  the 
mistrust  with  which  the  cold  vulcanising  process  is  frequently  regarded  is 
in  a  large  measure  due  to  the  indiscriminate  use  of  chloride  of  sulphur  of 
varying  composition. 

Sulphur  monochloride  in  the  pure  state  forms  a  reddish-yellow  liquid. 
Its  specific  g^vity  at  167*  C.  is  1*685  according  to  Kopp,  1*6826  according 
to  Fawsitt.  There  appears  to  be  some  uncertainty  about  the  boiling 
point,  the  temperatures  stated  by  various  authors  ranging  from  136  to 
139*  C. 

The  colour  of  the  commercial  sulphur  monochloride  varies^  from  a 
bright  amber  to  an  almost  ruby-coloured  liquid,  but  none  of  these  varieties 
poesesooo  a  constant  boiling  point.  The  following  are  the  boiling  points  of 
two  typical  specimens  of  the  commercial  product,  which  are  respectively 
described  as  '  yellow  product  *  and  *  red  product  * : — 
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5  CO. 

at 
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On  analysis  these  two  products  were  found  to  be  composed  as  follows  :— 

Yellow  Product        Red  Product  SjCl,  (calcul. ) 

Sulphur,  .     49-39  per  cent        46*02  per  cent        47*41  per  cent 

Chlorine,       .        .     60*60       „  68*97       ,,  62*52       „ 

These  data  show  that  an  even  slight  excess  of  chlorine  causes  a  con- 
siderable depression  in  the  boiling  points  of  the  lower  fractions.  But  it 
will  also  be  observed  that  even  the  *  yellow  product,'  containing  a  slight 
excess  of  sulphur,  possesses  a  range  of  boiling  points  extending  not  in- 
considerably below  the  true  boiling  point  of  sulphur  monochloride.  The 
cause  of  this  is  by  no  means  certain,  but  probably  finds  its  explanation  in 

*  It  will  be  clearly  understood  that  the  boiling  of  SjCl,  is  perfectly  constant— 1.«.,  not 
accompanied  by  any  decomposition.  Hohn's  contradicting  statement  {Cfummi  Zeilung 
[14],  1899,  p.  84)  is  entirely  erroneous.  The  irregularity  of  the  boiling  point  of  the 
commercial  article  is,  of  course,  due  to  its  impurity. 
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the  law  of  partial  vapour  iaoriona  aa  eihibited  by  aoluUona  of  two  volatila 
bodioi-S,Cl,aiKia 

It  ia  aoarcdj  arar  naaaaaary  to  maka  a  oomplato  analjiia  of  aulpbur 
ohlorida.  Por  pneCioal  parpoaaa  it  ia  aoOoiaot  to  daCarmioa  tba  qnaoHty 
of  ona  of  ita  oooatHuaota,  and  datarmina  tba  amount  of  tba  otbar  bj  tba 
dUbnooa.  Tbia  ealoolatioo  ia  oarriad  out  by  aatimatjug  tba  aaMmni  of 
oblorida  of  aulpbur  oorreapooding  to  tba  aatimated  paraeotaga  of  tbai 
ooQftituant,  tbe  amount  of  whiob  falb  abort  of  tba  tbaoretioal  6giira.  Tba 
amount  of  ohlorido  of  Mulphur  tbua  atoartainad  ia  daduotad  from  99*99,  and 
tba  diflforanoa  tbao  abowa  tba  abioluta  esoaaa  of  tba  oooatitoaol  ofar  tba 
tbaoratioal  figure.  Tbua  wa  find,  on  oompariaon  of  tba  analjtlflal  figorm  of 
tho  jellow  product,  at  above  quotod,  with  the  tbaoretioal  figurea  givao,  that 
it  containa  leai  than  tba  tbaoretioal  amount  of  chlorina-^50*<M)  inrtaad  of 
53*59  per  oent  But  50*60  par  oant  of  ohlorine  repreaanti  96*54  par  eaai. 
of  chloride  of  aulpbur  S,Cl,  and  deducting  tbe  Utter  amount  from  99*99, 
we  obtain  tba  abaolute  eioem  of  free  aulpbur  preaeot  aa  3*65  par  oent  In 
axactlj  analogona  manner  the  abaolute  ezoeas  of  free  eblorina  ptaaaoi  in  tbe 
above  quoted  *  rod  product'  ia  aaoertained  aa  5*05  par  oent 

The  analjsia  of  chloride  of  aulpbur  ia,  oooording  to  FAWairr,*  oarriad 
out  in  the  following  manner : — 

1.  .9M//>Atir.— Small,  weighted,  ihinwalled  glaai  bulba  are  filled  with  tba 
obloride  of  sulphur ;  the  points  are  then  sealed  in  a  gaa  flame  for  tba  pnr- 
poaa  of  weighing.  After  aaoertaining  tba  weight  of  tba  oblorida  of  aulpbur, 
tho  point  is  broken  off^  and  the  bulb  immersed  in  25  cc.  of  oonoantimtad 
nitric  acid  in  a  small  flask.  If  neoeasarj,  tbe  rate  at  which  tba  react ioo 
prooeada  ia  modorated  bj  cooling  tbe  flask.  If  sulphur  sepanUas  out,  tbb 
ia  oiidiaed  bj  tba  addition  of  potaanum  cblorata.  OxkUtioo  being  ooib* 
plated,  the  oontonta  of  the  flaak  are  amptied  into  an  evaporating  didi,  tba 
flask  washed  with  warm  water,  the  washings  added  to  tbe  acid  in  tbe  diab, 
and  tbe  whole  evaporated  until  all  the  nitric  acid  baa  diaappeared.  Tbia 
operation  may  be  baatened  by  the  addition  of  bydrocblorio  aokL  Tba 
reaidue  is  finally  diasolved  in  water,  and  the  amount  of  aulpbnrio  aoid 
formed  determined  by  weighing  aa  barium  sulphate. 

3.  Chlorine. — One  of  the  bulba  containing  a  weighed  quantity  of 
chloride  of  sulphur  is  allowed  to  drop  into  a  350  ao.  glaas>atopparad  flaak 
oootaining  water  or  weak  caustic  soda  solution.  Tbe  oontaota  of  tba  flaak 
are  repeatedly  an  1  violently  abaken.  Tbe  dooompoaition  being  oomplatad, 
tba  flask  ia  filled  up  to  tbe  mark  with  water.  An  aliquot  part  of  tba 
aolution  ia  then  taken,  neutralised  with  oanatio  aoda,  boiled  for  a  lav 
minutea,  and  aubaaquantly  aoiduUted  with  nitrio  aoid.  Any  anlpbnr 
aeparating  out  ia  filtered  ofl;  and  tbe  bydrocblorio  aoid  preasoi  in  tba 
filtrate  datarminad  In  tba  well-known  manner. 

Of  tbaae  two  prooeaaea  tba  fiiat  givea  vary  latiafiiolory  results,  but  tba 
operation  ia  by  no  meana  a  pleaaant  one.    It  baeomaa  rathar  tionblaaoiua  if 
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sulphur,  the  oxidation  of  which  is  sometitnos  very  tedious,  separates  out 
The  method  for  the  determination  of  the  chlorine  is  very  unsatisfactory. 
Should  the  small  bulb  fail  to  break  on  shaking  the  flask,  the  completion  of 
the  decomposition  may  require  days.  The  process  is  very  slow  under  all 
ciroumstanoesi  and  cannot  safely  be  accelerated  by  heating.  Of  course,  as 
I  haTe  shown  above,  it  is  quite  sufficient  to  determine  only  the  percentage 
of  sulphur  contained  in  the  chloride  of  sulphur,  and  to  calculate  from  this 
figure  the  chlorine.  In  this  case  Fawbitt's  above  described  method  may 
be  used. 

I  prefer,  however,  the  determination  of  the  chlorine  by  the  following 
method  as  a  quicker  and  even  more  accurate  process : — Place  in  a  weighed 
200  C.C.  flask  (glass-stoppered)  about  10  c.c.  of  the  chloride  of  sulphur  to  be- 
examined,  and  ascertain  the  weight  of  this  volume;  then  fill  up  to  the 
graduation  mark  with  pure  beuzene.  Of  this  solution  run  5  c.c.  into  20  c.c. 
of  a  solution  of  sodium  cthylate  contained  in  a  wide-necked  flask  of  about 
150  aa  capacity.  The  solution  of  sodium  ethylate  contains  5  grms.  of 
metallic  sodium  in  100  c.c.  of  absolute  alcohol.  The  mixture  is  then  very 
gently  shaken,  allowed  to  stand  for  an  hour  on  the  water  bath,  evaporated 
to  dryness,  and  subsequently  heated  for  one  hour  in  a  water  oven.  The 
contents  of  the  flask  are  then  dissolved  in  about  75  c.c.  of  boiling  water 
faintly  acidulated  with  nitric  acid,  10  c.c.  of  a  10  per  cent,  solution  of  cupric 
sulphate  added,  the  whole  heated  for  a  few  minutes  on  the  water  bath, 
filtrated,  and  the  filter  residue  washed  with  hot  water.  In  the  filtrate  the 
chlorine  is  then  determined  as  silver  chloride.  The  results  obtained  by 
this  method  are  very  accurate. 

The  treatments  of  rubber  with  either  sulphur  or  chloride  of  sulphur  are 
the  only  methods  at  present  employed  for  vulcanisation.  It  is  true  other 
methods  have  been  suggested  and  often  also  practically  tested,  but  none 
have  gained  a  foothold  in  manufacturing.  Gerard's  process  of  treating 
the  India  rubber  for  three  hours  in  a  solution  of  calcium  pentasulphide 
(1*205  sp.  gr.)  under  a  pressure  of  60  pounds  (140°  C.)  yields  very  satis- 
factory results,  but  the  method  offers  no  advantage  over  the  ordinary 
processes.  It  is,  nevertheless,  worth  remembering  that  the  principle 
involved  in  this  process — vulcanisation  with  molecular  sulphur  in  a 
nascent  state — would,  if  a  substance  could  be  found  by  means  of  which  it 
could  be  employed  successfully,  lead  to  very  considerable  and  highly  desir- 
able improvements  of  the  vulcanising  process  {cf.  page  106).  Fawsitt's 
process^  is  not  so  much  a  nev)  vulcanising  process,  as  one  based  upon 
the  employment  of  a  new  sulphur  carrier,  antimony  iodide.  For  a  variety 
of  reasons  also,  this  process  proved  not  more  than  a  partial  success,  and 
though  much  was  expected  of  it,  it  never  came  into  general  use.  My  own 
process '  is  a  much  simpler  application  of  the  same  principle,  and  is  also 
rather  cheaper.  It  allows  the  shortening  of  the  time  of  vulcanisation  by 
almost  one  half,  or  else  a  reduction  in  the  same  proportion  of  the  amount 
>  Eng.  Pat,  No.  17,197,  1890.  *  Ibid.,  No.  16,937,  1900. 
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of  sulphur  euipiojtxL  iutlier  of  Xhom  alUniAtivw  rt|wtMiiIi  % 
imporutit  advMitaga^  oomitfing  Man  oC  %  tubttaotkl  Mffaif  of  timo  rf.r, 
inoraiMd  powor  of  produetioo— or  to  a  varj  Urgo  roduetioo  of  tho  aisouiii 
of  free  tttlpbur  oooUioed  in  the  india  rubbery  tbue  eotirefy  prereotliig  the 
objeotkNiable  appeMrmnoe  of  the  rubber  '  blooming '  or  *  eiilphiiriag  np.'  It 
ii^  however,  impoedble  at  the  preeeot  momeni  to  mj  whether  the  prooeae 
will  bear  tlie  teat  of  time. 

Lead  Thiocnlphate  and  other  Lead  Gonqpoonds.— Yariona  prepaia- 
tiona  of  lead  thtoeulpluite  ooour  in  eommeroe  under  the  tiade  deajgnifinn 
of  *  Hjpo '  and  *  Black  Ujrpo.'  A  compound  maj  be  manafaetored  in  the 
wot  way  bj  prooipitating  a  tolution  of  lead  nitrate  with  an  equivalent 
quantity  of  eodium  thioiulphate.  The  product,  if  carefully  prepared, 
forms  an  almost  white,  mionHnrystalline  powder ;  or  a  plumbago-eoloared 
product  may  be  obtained  by  heating  a  mixture  of  whito  lead  and  sulphur. 
The  first  of  theee  two  preparationa  is  teohnioally  pure  lead  thioaulphate 
(PbSjOg) ;  the  second  contains  varying  amounta  of  this  salt»  lead  aolphata. 
lead  sulphide,  aud  oonsideiable  quantities  of  unaltered  white  lead.  To 
the  lead  sulphide  it  owes,  of  course,  its  greyish-black  colour. 

'  Hypo '  is  froqucutly  advertised  as  an  infallible  agent  for  the  piwveotioo 
of  '  sulphuriug  up '  of  rubber  goods,  and  as  a  vulcaniaer,  the  uae  of  which 
does  away  with  any  risk  of  overouriog.  Both  statementa  are  more  or  lem 
obvious  exaggerations,  and  probably  every  experienced  rubber  manufacturer 
has  seen  goods  produced  with  *  Hypo'  damaged  by  'sulphuring  up'  or  by 
overvulcanisatioo,  or  by  both. 

The  truth  is  that  '  Hy|x),'  like  all  lead  compounds,  acU  aa  a  sulphur 
carrier,  and  thus  faoilitatee  the  vulcanisation  ;  and  there  iaalao  no  doubt  that 
the  preeeooe  of  lead  sulphide  has  a  rsatraining  influeooe  upon  the  further 
addition  of  sulphur  to  rubber  as  soon  aa  a  oertain  degree  of  vulcanimtioo 
has  been  reached.  In  this  sense  '  Hypo^'  or,  rather,  the  lead  sulphhie  faito 
which  it  is  converted  during  vulcanisation,  has  the  proper^,  within  certain 
limiting  conditions,  of  reducing  the  risk  of  overvulcanisation.  From 
experimenta  I  have  made,  it  appears,  moreover,  that  *  Hypo,'  or,  at  least, 
that  part  of  it  which  may  be  described  aa  lead  thioaulphate,  is  by  itaelf 
capable  of  producing  vulcanisation.  A  series  of  experimenta  which  I  made 
leave  no  doubt  ou  this  point,  and  the  explanation  of  this  Cset  is  probably 
to  be  found  in  the  circumstance  that  one  of  the  deoompositioo  produets  of 
lead  thiosulphate  under  the  influence  of  high  temperature  ia  sulphur : 

4FbSA  «  Pb8  -I-  SPb80«  -f  «.. 

Lead  thiosulphate  is,  therefore,  more  properly  deaoribed  aa  a  vuleanisar 
than  as  a  sulphur  carrier,  but  in  the  exertion  of  its  Tuloanidng  ptopeitiei 
it  forms  at  the  same  time,  according  to  its  above  enggmtad  deoomporitioa^ 
two  sulphur  carriera— lead  sulphide  and  lead  aulphata  Of  theae^  aa  might 
be  expected,  lead  sulphide  ia  much  the  more  active. 

The  most  generally  used  sulphur  carrier  is,   however,  neither  lead 
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thiosulpbato    nor    lo.'ul    sulnhido,    but    IoacI    oxide,    commonly   kuown    as 
lithaige. 

While  thero  is  do  doubt  respecting  the  accelerating  ciTcct  of  these  lead 
oompounds  upon  the  rate  and  the  amount  of  the  sulphur  addition  in  the 
▼ulcanising  process,  the  nature  of  this  action  is  very  little  understood.  It 
is  generally  assumed  that  in  the  first  instance  lead  sulphide  is  formed,  and 
that  this  exerts  the  above  named  accelerating  effect  by  the  intermediate  for- 
mation of  unstable  polysulphides.  But  even  taking  this  view  as  correct,  this 
assumption  cannot  be  said  to  be  an  explanation.  Indeed,  the  very  difficulty 
of  an  explanation  of  this  *  catalytic '  action  lies  in  the  fact  that  the  energy 
transformation  due  to  a  certain  reaction  remains  absolutely  the  same,  how- 
ever many  intermediate  phases  or  reactions  we  interpolate  between  the 
limiting  terms  of  the  reacting  system. 

To  the  rubber  manufacturer  these  sulphur  carriers  are  of  very  con- 
siderable importance,  their  use  enabling  him  to  increase  the  degree  of 
vulcanisation  within  considerable  limits  without  recourse  to  either  an 
objectionable  excess  of  sulphur,  undesirably  high  temperatures,  or  very 
undue  prolongation  of  the  vulcanising  process.  The  beneficial  effect  of 
these  sulphur  carriers  in  these  respects  is  so  marked  that  at  the  present 
time  the  majority  of  rubber  goods  in  which  a  white  or  drab  colour  is  not 
essential  contain  more  or  less  of  one  of  the  above  named  substiinces. 
Litharge  especially  is  very  freely  used  for  this  purpose. 

Whether  litharge  acts  in  the  india  rubber  as  a  sulphur  carrier  only  is 
by  no  means  certain.  That  it  may  act  also  in  other  ways  is  to  be  inferred 
from  the  observation,  which  is  quite  familiar  to  most  india  rubber  workers, 
that  mixtures  of  india  rubber  with  a  large  proportion  of  litharge  are  apt  to 
become  very  hot  during  their  treatment  between  the  mixing  rollers.  In 
extreme  cases  the  mixture,  in  spite  of  its  high  temperature,  grows  con- 
tinually harder,  until  eventually  it  forms  a  mass  of  crumbs  or  flakes 
possessing  little  cohesion  and  adhesiveness,  and  which  can  no  longer  be 
rolled  into  a  sheet.  The  cause  of  this  behaviour  is  unknown,  but  will 
probably  be  found  in  the  incontestible  fact  that  india  rubber  absorbs  a  not 
inconsiderable  amount  of  oxygen  while  it  is  being  worked  upon  the  mixing 
rollers.  This  oxidation  process  is  intensified  and  accelerated  by  the  litharge 
present,  which  is  known  to  act  as  an  oxygen  carrier.  Certain  it  is  that  none 
of  the  other  lead  compounds^  used  in  conjunction  with  india  rubber 
exhibit  this  action  in  the  slightest  degree. 

A  complete  analysis  of  the  above  named  lead  compounds  may,  of  course, 
under  certain  circumstances  become  necessary,  but  is  not  necessary  for 
ordinary  purposes.     The  following  tests  will  usually  suffice  : — 

Lead  ThioBulphate. — Composition  PbSjO,,  containing  64*89  per  cent, 
of  lead.  Commercial  samples  should  not  contain  less  than  60  per  cent,  of 
Pb.     This  is  ascertained  by  boiling  about  1  grm.  of  the  sample  with  dilute 

'  Not  even  white  lead,  which,  according  to  its  approximate  formula  (PbCO,)a  Pl^OH),, 
oontains  about  81  per  cent  of  lead  hydroxide. 
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nilrie  tdd  (10  per  oeot  HNO,)  ontil  the  piwipiltto  is  perteUj  white,  ml 
the  tupeniAtADt  liquor  free  from  leed.  The  praeipitAte  it  then  filtersd, 
waehed  neatnd,  dried,  remored  from  the  ftltei^  pkeed  in  e  oraolhle  lor 
about  ftfteeo  minutei  heated  to  a  temperature  not  eieeedlag  ISO*  (X«  and 
■nbeequeotljr  weighed.  The  yield  of  PhSO^  thna  obtained  ehonhl  not  be 
Ion  tlian  88  per  cent  Lead  thioeulphate  tboald  be  almoet  eoropletdj 
eoluble  in  a  20  per  cent  eolution  of  eodium  thioeulphate  at  a  tempefature 
not  exoeeding  50*  C. 

Biark  Hypo,^Thm  product  is  extromelj  rariable  in  its  compoettion, 
repreeenting  generallj  a  mixture  of  lead  oarbonate,  eulphide,  thiomlphate^ 
ittlphate,  and  free  eulphur.  Oooaeionilly  the  pcoduet  bearing  thii  nama  It 
timplj  a  mixture  of  lead  eulphide  with  sulphur.  For  the  purpose  of  ana- 
Ijtioal  control,  a  determination  of  the  total  lead  and  of  the  free  sulphur 
preeent  is  sufficient,  but  what  there  should  be  in  amount  it  is  tmpoesibla  to 
saj.  The  analjeee  will  therefore  have  to  be  made  in  referanee  to  an 
adopted  standarcL 

LiUtargt,  PhO.—U  it  is  thought  deeiimble,  the  total  lead  preeent  maj 
be  determined  by  dissolving  a  weighed  quantitj  in  nitric  acid,  with 
sddition  of  a  crystal  of  oxalic  acid,  precipitating  the  filtered  eolution  with 
sulphuric  acid,  and  weighing  the  lead  sulphate  precipitated.  Lithaige 
should  always  be  teeted  for  the  abaenoe  of  lead  peroxide  and  copper. 
DieeolTc  a  smnll  quantity  of  the  sample  in  as  little  nitric  aeid  ea  poesible. 
A  dark,  blackisli-brown  residue  dissolving  after  the  addition  of  a  small  oystal 
of  oxalic  acid  indicates  the  presence  of  lead  peroxide.  The  ooltttioii  obtained 
is  now  treated  with  sulphuric  acid  in  slight  excees,  the  lead  tolphata  piw- 
cipitated  is  filtered  oflT,  and  an  excees  of  ammonia  added  to  the  filtrate, 
when  the  presence  of  copper  is  shown  by  the  appearanoe  of  the  well-known 
blue  ooloration. 

Bad  Lead  is  frequently  used  in  small  qiumtities  in  rubber  mixings,  with 
a  Tiew  to  '  harden '  the  rubber.  I  do  not  consider  this  as  a  sataafsotoey 
addition,  as  this  hardening  effect  is  obviously  due  to  a  partial  oxidation  of 
the  india  rubber,  which  appears  to  me  to  be  a  particularly  undesirable 
manner  of  obtaining  such  an  effect,  which  can,  moreoTor,  be  produoed  by  a 
Tsriety  of  other  means  in  quite  an  unobjectionable  manner. 

Antimooj  PentasnlpUde.— Antimony  pentasulphide,  Sh,S^ 
meroially  known  as  *  Qolden  Sulphide,'  is  the  moet  important  and  the 
efficient  sulphur  carrier  used  in  ooi^unction  with  india  rubber.  It 
looked  upon  by  many,  not  only  as  a  sulphur  carrier,  bat  as  a 
itself.  This  view  is,  howeyer,  based  upon  undoubtedly  errooeoa 
tions.  The  pure  pentasulphide  is  quite  incapable  of  effeeting  the  Tokan- 
isation  of  india  rubber.  Oommaroial  pentasulphidee  will  indeed  vnleaniM 
india  rubber  without  speeial  additloD  of  tulphur,  but  this  ia  simply  doe  to 
the  fact  that  they  all  contain  free  sulphur  in  quantities  ranging  from  5  to 
as  much  as  30  per  cent  This  free  snlphur,  at  any  rate  as  far  as  the 
lower  percentages  are  ooooenied,  cannot  be  looked  opon   as   a   mere 
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adulteration,  for,  without  eutering  into  any  details  of  its  manufacture  with 
which  in  this  place  we  are  not  concerned,  there  is  no  doubt  that  the  amount 
of  free  sulphur  in  a  given  sample  of  pentasulphide  plays  a  determining 
part  in  the  production  of  a  pentasulphide  of  a  certain  colour. 

The  colour  of  golden  sulphide  varies  from  a  full  orange-tan  colour  to 
almost  a  purplish-scarlet,  German  rubber  manufacturers  preferring  the 
former,  their  French  colleagues  the  latter  variety,  whilst  in  English 
factories  an  intermediate  shade  is  almost  exclusively  used. 

The  properties  of  antimony  pentasulphide  are  rather  interesting. 
Heated  to  the  boiling  point  of  sulphur,  448*  C,  with  exclusion  of  the 
air,  it  decomposes  into  antimony  trisulphide,  SbjSg,  and  sulphur.  Treat- 
ment with  hydrochloric  acid  in  the  cold  produces  exactly  the  same 
decomposition.  Ammonia  dissolves  it  on  gentle  heating,  any  antimonious 
acid,  SbjO,,  and  free  sulphur  present  remaining  undissolved.  The  be- 
haviour of  different  samples  of  pentasulphide  with  boiling  carbon  bisulphide 
varies  very  considerably,  in  some  cases  reduction  to  SbgSj,  talcing  place. 
Equally  marked  is  the  behaviour  of  different  samples  on  drying  them  at 
110' C. 

Considering  the  fact  that  even  in  products  of  the  same  colour  the  per- 
centage of  free  sulphur  present  may  exhibit  considerable  variations,  it  is 
evident  that,  apart  from  the  question  of  colour,  all  samples  and  deliveries 
of  antimony  pentasulphide  should  invariably  be  analysed.  The  neglect  of 
this  precaution  is  likely  to  cause  most  objectionable  variations  and  difficulties 
in  the  vulcanising  process. 

The  most  obvious  method  for  the  determination  of  the  amount  of  free 
sulphur  present — by  the  extraction  of  a  weighed  quantity  of  the  sample  with 
bisulphide  of  carbon — cannot  be  employed  in  this  case,  owing  to  the  more 
or  less  pronounced  decomposing  action  of  this  solvent  upon  the  penta- 
sulphide. Short  of  the  rather  tedious  complete  analysis,  the  most  satis- 
factory test  consists  in  treating  a  weighed  quantity  of  the  sulphide  with 
strong  ammonia,  and  heating  very  gently  on  the  water  bath.  The  penta- 
sulphide rapidly  dissolves  any  antimonious  acid,  the  sulphur  present 
remaining  behind.  The  solution  is  filtered,  the  filter  residue  washed  with  cold 
dilute  ammonia  until  the  washings,  on  acidulation,  no  longer  yield  a  deposit 
of  pentasulphide.  The  filter  and  its  contents  are  dried  at  60"*  C.  and  treated 
with  carbon  bisulphide  in  a  Soxhlet  extractor,  the  extract  being  collected 
in  a  weighed  flask.  The  residue  remaining  on  the  filter  after  extraction  is 
antimonious  acid,  which  is  removed  from  the  filter,  dried,  and  weighed.  Of 
course  any  adulterants  would  likewise  remain  undissolved  on  the  filter,  but 
it  is  very  rarely  that  such  adulterants  occur. 

Zinc  Sulphide  and  Lithopone. — Zinc  sulphide  is  an  excellent  material 
to  compound  with  india  rubber,  but  its  high  price  on  the  one  band,  and  its 
yellowish  colour  on  the  other  hand,  restrict  its  use  very  considerably.  It 
is,  however,  very  largely  used  in  the  form  of  the  brilliantly  white  pigment 
known  as  '  Lithopone.'    This  product  is  formed  by  the  simultaneous  pre- 
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oipiutioo  of  barium  lulphaU  and  itoo  nilphato  bj  Um  JntttBcUou  of 
barium  aulpbido  and  lino  tulphato: 

B^8R)fe  •«•  £b80«  •  Ba804  -¥  US -¥  H^ 

Aooordinglj,  Utbopooo  ahoald  eootain  at  least  39  par  eeot  of  tkm 
sulphide,  and  no  produet  eoataining  l«i  iboald  be  aeeepled,  as  this  would 
iDYolve  a  dapreaea  both  in  oovering  power  and  eflcienej  in  the 


Litbopone  b  bj  far  and  awaj  the  beat  material  to  lae  in  'dmb' 
nibber  goods  which  are  subjeeted  to  the  aetion  of  alkaliea,  but  should  be 
rigoroualj  excluded  (h>m  all  pmds  subjected  to  the  inlltience  of  aeid 

aoluUous. 


CHAPTElt  VI. 

INDIA  RUBBER  SOLVENTS. 

Tub  importance  of  solvents  for  india  rubber  in  manufacturing  has  been  well 
put  forward  by  Hancock  *  himself,  who  notes  that  "  it  is  a  singular 
fact  that,  although  this  substiinco  had  attracted  the  notice  of  chemists 
from  the  earliest  date  of  its  importation  into  Europe,  and  some  of  the 
ablest  had  employed  themselves  upon  it,  thoy  failed  to  discover  any  means 
of  manufacturing  it  into  solid  masses  or  to  facilitate  its  solution.  I  was 
at  first  imbued  with  the  notion  that,  to  make  it  useful,  I  must  find  a  good 
solvent ;  and  I  think  my  first  experiments  were  directed  to  some  attempts 
to  dissolve  it  in  oil  of  turpentine,  but  I  found  I  could  only  make  very  tliin 
solutions,  and  these  dried  so  badly,  or,  rather,  not  at  all,  that  they  were 
useless.  The  oil  of  turpentine  then  procurable  was  no  doubt  of  inferior 
quality;  when  pure,  it  dries  perfectly.     This  was  about  the  year  1819." 

As  the  result  of  this  failure  to  discover  a  satisfactory  solvent  for  india 
rubber,  which  would  have  enabled  Hancock  to  utilise  the  rubber  scraps 
which  were  fast  accumulating  at  his  works,  he  attempted  to  find  a  mechan- 
ical treatment  to  attain  this  end,  and  already,  a  year  later,  in  1820,  ho 
accomplished  this  important  task  by  the  construction  of  his  '  masticator.' 
It  was,  however,  not  until  two  years  later  that  he  discovered  that  this 
masticated  rubber  dissolved  with  the  greatest  facility  in  'good  oil  of 
turpentine.' 

These  earliest  experiences  show  already  very  clearly  the  fact  that  the 
solubility  of  india  rubber  depends  as  much  upon  its  physical  condition  as 
upon  the  nature  of  the  solvent.  It  may,  indeed,  be  stated  tliat  a  homo- 
geneous rubber  solution  cannot  be  produced  without  either  first  changing 
the  physical  condition  of  the  india  rubber  by  mechanical  working,  or  by 
mechanically  working  the  gelatinous  magma  produced  by  the  treatment  of 
unmasticated  india  rubber  with  solvents ;  and  to  obtain  the  best  results, 
it  is  necessary  to  work  the  india  rubber  mechanically  prior  to  its  immcr- 

*  Penonal  Narrative  of  ihi  Origin  and  Progress  of  the  Caoutchouc  or  India  Rubber 
Manufadure  in  England.  By  Thomas  Hancock,  of  the  firm  of  Charles  Macintosh  it,  Co., 
London  and  Manchester.  London :  Longman,  Brown,  Green,  Longmans,  k  Roberts, 
IS.*!?  (p.  2). 
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•km  in  aolTrnti^  and  to  tubjeot  Uiit  amcU  •olatloo  to  a  ftiHlMr  pfoaiM 
in  machini  ooBrtraotad  npoQ  Ibo  flMnQiar  prindpU  of  iho  pointfriBdlBc 
mill.  The  neoewity  for  ibett  mnolwwiml  opefrntioM  lioi,  of  oooim,  in  iho 
fact  tUt  all  Yarioclas  of  india  nibbar  appear  to  eootaio,  btMm  tho  aolablt 
iodia  rubbir,  a  f^irtbar  pfodoet  (m  pago  S),  wbieb,  aHboogli  iantobloi 
■wella  to  anonnooa  dimoniiooa  in  the  nibber  toUantik  Aa  long  aa  thia 
ttibatanoe  ia  praaont  in  tbe  form  of  partiolaa  of  appraoiabla iiat^  tha  'rabbar 
loluUou '  will  appear  lumpj  or  tbraadj,  and  tba  affael  of  tha  miiflhaiikial 
working  oouiata  airoplj  in  rednoing  tbaaa  inaolubla  maaMa  to  partklw  of 
imparoeptible  aiaa.  Tbia  ia  dona  far  mora  oflbotiTolj  bj  tba  maiHwirtcw  of 
the  rubber  than  ooold  be  aeoompUabed  bjr  tbe  worliiog  of  it  aflar  aolntioo. 
It  will  be  obeenred  that  thia  intoluble  oompound  behavea  in  tbia  rMpael 
much  aa  tbe  '  fattj  substitutea,'  wkiicb  cannot  be  aatiafiaetorilj  introdnead 
into  a  nibber  eolution  or  dough  after  tbe  rubber  baa  onea  been  dimnWed, 
but  have  to  be  reduced  to  imperoeptiblj  amall  partiolaa  bj  being  'dry 
mixed'  into  tbe  rubber  in  a  roller  mill  At  tbe  aame  time^  than  can, 
however,  be  no  doubt  that  the  trituration  of  the  tneoluble  oooatitQeoi  ia 
not  the  onlj  effect  of  the  mieticatkm  of  India  rubber.  Tba  India  rubber 
hydrocarbon  itaelf  undergoea  aoma  peonliar  modification  in  thia  prooim 
which  oortainlj  rcndera  it  eaaier  aoluble,  and  which  ia  alao  oapabia  of 
profoundly  altering  ita  behariour  in  the  prooeei  of  ▼nlcaniaation.  Nothing 
is  linown  reapecttng  the  cause  of  this  remarkable  pheoomanon,  and  equally 
striking  is  the  fact  that  the  rubber  films  resulting  from  the  evaporation  of 
tbe  aolveuts  from  coatings  spread  with  aolutiona  of  tndia  rubber  in  differ^ 
ent  aolrenta  exhibit  striking  differenoea  in  their  chemical  propertiea.  Tbia 
appliea  even  to  eolventa  which  may  be  oooaidored  to  be  doeely  related 
chemically  to  each  other,  such  aa  the  Tariooa  tarma  of  the  bydroearbona 
of  the  aromatic  and  aliphatic  eeries  reapeotively.  In  praotaee^  this  would 
mean  that  we  cannot  indiscriminately  substitute  one  aolveni  lor  another, 
and  leave  the  other  manufacturing  operations  out  of  oonaideratton,  without 
soma  change  in  the  state  and  propertiea  of  the  manufMtniod  produda 
This  is  a  point  which  at  the  present  time  is  very  little  appreeiatad. 

1.  Goal  Tar  Naphtha.  <-Thia  is  by  far  and  away  tbe  moil  generally 
used  india  rubber  solvent,  and  it  ia  unquestionably  also  the  beet  Its 
composition  is  subject  to  very  great  variations,  which  ohiefly  depend  upon 
the  demand  for  beuxene  and  toluene  on  tbe  part  of  tha  ooal  tar  coloor  in- 
dustry, and  as  far  as  benxene  is  concerned,  also  on  tha  deoMmd  of  that  article 
by  gas  works.  It  goes  without  saying  that  the  priee  of  tha  *aolvent 
naphtha '  also  closely  follows  the  benaene  market — faideed,  thia  axtanda  atan 
to  the  prices  of  petroleum  spirit  and  Scotch  shale  naphtha.  It  is  thersfbre 
obvious  that  not  only  will  tbe  price  of  coal  tar  naphtha,  but  alao  ita  eom- 
position,  vary  considerably  according  to  the  demand  for  variooa  apeoiie 
fractions  of  the  coal  tar  bydroearbona.'    Not  infrequently  are  tbe  varia- 

>  Tb«  «a<Mt  of  the  iXBiirivily  lowpriMS,  wkieb,  daiiag  tW  gnistar  put  of  the  hit 
two  jmn,  wsie  quoted  fcr  bmaeA,  ftiiaiA  aa  taHiatJtAf  enaipbef  thifc    Atthttimo 
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tions  due  to  higher  prices  to  the  advantage  of  the  rubber  manufacturer, 
those  due  to  lower  prices  being  to  his  detriment.  In  either  case  it  is  desir- 
able, in  the  interest  of  uniform  production,  to  test  the  boiling  points  of 
solvent  naphtha  deliveries. 

Of  the  aromatic  hydrocarbons  occurring  in  coal  tar,  of  course,  a  limited 
number  only  can,  or  should  be,  present  in  a  good  solvent  naphtha,  which 
should  not  contam  more  than  5  volumes  per  cent,  of  substances  boiling 
above  150  or  160'  C. —preferably  the  lower  limit.  Of  aromatic  hydro- 
oarboDs,  only  the  following  can  therefore  occur : — 


Boiling  Point 

Bannne. 

CeH,,    .        . 

era 

Toluene, 

CrH..    .        . 

111 

Orthoxylene,  ' 

1 

M41 

Metazylene, 

kH,o. .     . 

,     \  140 

FlMazylene,     . 

I 

1138 

Styrene, 

C,H.,    .        . 

146 

Medtylene, 

C.H,»  .        . 

163 

Pseadocumene, 

C»H«.  .        . 

166 

It  is,  of  course,  also  possible  for  aliphatic  and  olefinic  hydrocarbona  to  be 
present  in  solvent  naphtha,  but  their  quantity  will  always  1^  very  small. 
The  customary  methods  of  refining  solvent  naphtha,  if  properly  carried  out, 
would,  at  any  rate,  tend  to  completely  eliminate  the  olefinic  hydrocarbons. 

The  above  named  series  of  aromatic  hydrocarbons  represents  a  range  of 
boiling  points  from  81  to  166*  C,  and  this  would  fairly  correspond  to  a 
solvent,  95  per  cent  of  which  boils  at  160°  C,  some  part  of  the  higher 
boiling  fraction  b^ing  carried  over  at  temperatures  at  and  below  160*  C.  in 
the  ratio  of  their  vapour  tensions  at  these  temperatures.  The  evaporation 
of  benzene  and  toluene  at  ordinary  temperatures  is,  however,  so  considerable 
that  the  presence  of  large  volumes  of  these  hydrocarbons  in  the  solvent 
naphtha  would  cause  considerable  inconvenience  and  loss  at  the  early  stages 
of  manufacturing,  and  for  this  reason  good  solvent  naphtha  should  contain 
no  benzene  and  only  very  little  toluene.  In  short,  the  initial  boiling  point 
of  solvent  naphtha  should,  in  my  opinion,  be  not  lower  than  110°  C,  and  it 
is  highly  desirable  that  95  per  cent,  of  such  a  naphtha  should  distil  only  a 
few  degrees  above  160'  C. — the  fewer,  the  better.  Accordingly,  the  range 
of  boiling  points  of  a  good  naphtha  should  not  appreciably  exceed  40'  C.  It 
will  be  found  that  a  solvent  of  this  description  answers  admirably  for  the 
most  important  purposes  of  the  rubber  manufacturer.  For  the  production 
of  a  few  specialities,  such  as  quick  drying  *  solution '  or  '  varnish,'  it  is 
scarcely  volatile  enough.  .  Nor  should  it  for  this  purpose  be  mixed  with 
as  is  often  done  under  the  mistaken  impression  that  this  renders 


benzol  was  7d.  per  gallon,  'solvent  naphtha'  had  fallen  to  lid.,  and  it  was  therefore 
greatly  to  the  interest  of  the  distiller,  though  not  of  the  rubber  manufacturer,  to  send 
out  in  the  solvent  as  much  benzol  as  possible.  The  result  of  this  was  that  solvents 
which  formerly  used  to  show  an  initial  boiling  point  of  107*  C,  now  began  to  boil  at 
85*  C,  or  lower. 
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the  Molvent  quick  iiryin^,  bw  ' 

the  Nolutian  moro  ermtio.     '1  . 

to  amploj  ft  diflTereoilj  conatitutad  totvrat—Mj,  OM  boiling  fron  110  to 
140*  0.  In  oUmt  wotda,  if  for  tooM  piurpot*  or  oUmt  «o  raqnivt  n 
*  lighter'  tolTWl^  tho  wually  adoptod  method  for  proeuring  it  bj  nldnf  il 
with  fVaeliooi  rodooing  onlj  the  initial  boiling  point  of  tha  original  aolvent 
ia,  at  beet,  ooljr  a  rather  IneiBeieni  makeshift.  To  '  lighten '  a  aolveol^  Ha 
terminal  boiling  point  ahoold  be  lowered  by  keeping  oat  the  fraetiooa  d 
highert  boiling  point  The  cooatrietkm  of  the  range  of  boiling  pointa  thoa 
eflbeled  maj  then  be  oompenaated  bj  the  addition  of  fraetiooa  of  a  lower 
boiling  point. 

The  nae  of  almoat  pure  beniene  aa  a  rdbber  eolvent  for  mamifMtaring 
purpoeee  haa  aoroetiroet  been  auggeated,  but  apart  from  the  fliol  that  ita 
boiling  point  ia  altogether  too  low,  and  ita  ToUtilit  j  far  too  high,  for  moat 
praotioal  porpoae^  the  nae  of  a  homogeoeoaa  aolTeot  poaaaming  almoat  a 
oonataat  boiling  point  reatilta  in  aolotioiia  or  'doiigha'  drjfaig  from  the 
surface  and  jielding  harah  and  rough  ooatingt.  Waterproof  eloth  prodooed 
with  auch  aoWonta  often  exhibita  the  Tery  objectionable  deCaet  of  enrling— 
t.e.,  the  cloth  curie  towarda  the  proofing  aurfaoe.  The  eanae  of  thia 
phenomenon  liea  in  too  *  light '  a  solvent  being  employed.  The  coating  of 
india  rubber  dough  on  the  cloth  dries  from  the  surface,  the  latter  therefore 
hardening  and  contracting,  while  the  lower  atrata,  atill  oontainfaig  the 
aolTent,  cannot  contract  proportionately.  This  difTerentiatioo  in  the 
atreaaea  of  the  difToreut  atrata  of  the  rubber  coating  becomea  permanently 
eatabltahed  if  the  gooda  are  cold  cured,  and  the  ineritable  reeolt  ia  a 
curling  or  cockliDg  waterproof  doth.  Thia  ia  the  aimple  eiplanatioo  of  a 
defect  which  haa  numberleaa  timea  caused  great  annoyance  and  kaa  to 
manufacturers,  and  the  occurrence  of  which  ia  generally  looked  upon  aa  a 
great  mystery. 

The  epectfic  gravity  of  aolvent  naphtha  ia,  on  the  whole,  a  rather  im- 
material point  bearing  little  or  no  relation  to  ita  boiling  point  Beaide  the 
latter,  it  is  of  no  importance  whatever,  unleaa,  indeed,  the  aolvent  be  bought 
by  weight,  which  ia  yery  unuauaL  Aa  a  knowledge  of  the  apeeifie  gravity 
of  a  solvent  gives  no  tangible  information  reapecting  ita  quality,  thia 
constant  calls  for  no  special  obeervationa. 

The  uaual  method  obaerved  in  rubber  faotoriee  for  aaoertaining  the 
boiling  point  of  a  given  aample  of  aolvent  naphtha  oooatata  in  distilling 
100  O.C.  in  a  fractionating  flaak  over  a  naked  flame  at  the  rate  of  two  dropa 
per  aeoond.  The  diatillate  ia  collected  in  a  graduated  cylinder  (100  aa>, 
and  the  aucoeaaive  temperatarea,  and  the  length  of  time  during  which  eaoh 
fraction  dtatila  over,  are  noted.  The  following  table  oontaina  a  number  of 
suoh  teata  aelected  from  many  hundreda  of  reeorda.  There  K  however,  a 
aeoond  method,  which,  aa  a  oommeroial  tert,  ii  much  need.  In  thia  method 
a  tnbuUted  retort  of  abont  SOO  aci  oapadty  ia  need  eharged  with  lOOoA  of 
the  naphtha,  and  a  thermometer  ia  ao  fixed  in  the  tubulua  that  its  bulb  ia 
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exaotlj  within  three-eighths  of  an  inch  from  the  bottom  of  the  retort. 
Aocordingly,  the  thermometer  is  immersed  in  the  liquid,  and  the  tempera- 
ture noted  at  whioh  the  first  drop  of  the  distillate  passes  over  into  the 
receiver.  The  first  method  is  certainly  proferable  from  the  rubber 
manufacturer's  point  of  view.  The  second  method  is  altogether  antiquated ; 
it  is  open  to  a  number  of  grave  objections,  although  the  £nglish  benzol 
trade  adheres  to  it  with  its  characteristic  conservatism. 

The  most  satisfactory  method  for  ascertaining  tho  boiling  point  of  coal 
tar  naphtha  is  one  which  was  first  proposed  by  Bannow  in  1886,  and 
whioh  has  been  very  generally  adopted.  The  apparatus  used  consists  of 
the  following  parts : — 

1.  An  almost  spherical  flask*  of  150  o.o.  capacity  made  of  copper  0'6 
to  0*7  mm.  in  thickness.  Its  diameter  amounts  to  about  66  mm.  The  form 
and  dimensions  of  the  neck  are  clearly  shown  by  the  accompanying  fig.  16. 


Fig.  16.— Diagram  of  disdlling  ilask  for  benzene  (naphtha)  test 

2.  A  dcphlegmator  made  of  glass,  and  consisting  essentially  of  a  glass  tube 
of  about  14  mm.  diameter  and  150  mm.  in  length,  the  middle  part  of  which  is 
expanded  into  a  bulb  of  moderate  size.  Near  its  upper  end  this  tube  carries 
a  side  tube  of  about  8  mm.  diameter,  the  two  joining  at  nearly  a  right  angle, 
as  shown  in  fig.  17. 

The  distilling  flask  is  mounted  on  a  draught-proof  stand,  the  construc- 
tion of  which  is  clearly  indicated  in  the  diai^^ram.  The  top  of  this  stand  is 
formed  by  a  stout  asbestos  board  in  which  a  circular  central  opening  50  mm. 
in  diameter  is  provided.  This  distilling  apparatus  is  joined  to  a  condenser 
80  cm.  in  length,  and  so  inclined  that  the  difierence  of  level  between  its  two 
ends  is  10  cm. 

The  flask  is  filled  with  100  c.c.  of  the  naphtha,  and  the  distillation  is  so 
conducted  that  about  5  c.c.  of  distillate  are  obtained  {)er  minute,  or  approxi- 
mately two  drops  per  second.  Distillation  is  continued  until  95  c.c.  have 
passed  over,  the  distillate  being  collected  in  a  graduated  100  c.c.  cylinder. 

The  thermometer  used  should  be  made  of  thin  glass,  and  its  diameter 
should  not  exceed  7  mm.,  although  it  may  be  less.  The  bulb  of  the  thermo- 
meter should  occupy  the  centro  of  the  bulb  of  the  dcphlegmator. 
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Bj  maun  of  thto  •ppu%Jkm  the  boUittg  pomu  oi »  somber  ol  rubber 
lolTeDts  reeorded  oo  the  foUowing  pege  were  obtelned. 

Of  tbeee  eemplee,  No.  1  ii  a  little  too  high  in  boOiag  point,  hot  other- 
wiee  MtlefMtory.  Na  3  i%  bowerer,  dietinoUj  prefermble.  Noe.  S,  4,  «, 
and  7  refer  to  tetU  of  e  vpeoial  brand  of  aolTeot  naphtha,  vhieh  ie 
extendve^  need  for  waterproofing  purpoeea.  Na  S  ie  a  thoruughlj  good 
tjpe  of  this  aolrent,  but,  of  ooune,  there  ia,  in  emplojing  it,  a  rather 
able  loae  amounting,  on  the  aTertge^  to  about  10  per  cent  before  it 
the  tpreading  maohine.  With  the  aoWenU  1  and  3  thie  loae  it  veiy  alight 
indeed.  No.  4  ahowa  what  the  eoWent  No.  S  degenerated  into  at  the  time 
benaol  had  reaohed  an  unpreoedentedlj  low  price.  The  teat  ahowa  that  at 
leaat  50  per  oent  of  the  aolrent,  and  probably  a  good  deal  mote^  oonafated 
limply  of  benaoL    SeeiDg  that,  at  the  Mme  tUne,  the  prioe  of  thk  'fpeekl 


rxo.  17.— DiafcrmmofdlrtflktiaBappntwfar 

aolTent'  waa  more  than  twice  that  of  the  benaol,  it  ia  erident  that  thia 
adulteration  waa  highly  profiuble  to  the  maker,  and  proportionately 
detrimental  to  the  uaer.  No.  6  baa  throughout  rather  too  low  a  boiling 
point,  and  thia  appliea  CTen  more  to  No.  7,  the  range  of  boiling  pointa  d 
which  is  far  too  abort,  and  much  too  low  at  the  higher  end. 

A  solvent  naphtha  furnishing  a  aatiafaotory  boiling  pohit  teal  eannot, 
however,  for  tliat  reaaon  at  once  be  paaaed  aa  meeting  all  the  reqoireaiaots 
of  the  rubber  manufacturer.  Such  a  aolvent  may  yet  contain  a  number  of 
impuritiea,  the  preeence  of  which  might  not,  and,  indeed,  in  the  migori^  of 
oasea  would  uot,  appreciably  affect  ita  boiling  point,  hot  would,  nevaftho* 
leea,  greatly  prejudice  ita  adoption. 

The  moat  important  impuritiea  are  ^-oarboo  bianlphide,  naphfNIaaa^ 
pyridioe  and  ita  homologuea.  Adulteration  of  eolrent  naphtha  oocuia  very 
rarely,  and  the  only  poaaible  adulterant  ia  petroleum  apiiit 

The  deteetion  of  carbon  bianlphide  may  be  carried  ooi  by  maaiia  of  the 
xanthate  teat.     For  thia  pnrpoae  100  ca  of  the  naphtha  are  distilled,  and 
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tbo  fint  10  0.0.  of  ih«  dijOiUato  are  ituUuu  muh  lUc.e.of  tUsdud  (iliyft»»**m 
poUah,  tligbtlj  wmrmad,  Aod  aDovtd  to  tUud  for  about  an  hoar.  Fart  of 
tbo  aloohoUo  aolatkm  is  tbao  modoratolj  dilutod  with  vator,  and  a  tolutioci 
of  \md  aoototo  addad.  A  white  ptodpitato  it  obtainod  lo  tho  abaaooa  of 
earboo  bimlpbidflb  ill  prwauoe  baing  imUoatod  by  tho  fomiatloo  of  ft  xollow 
or  jellowiAlibrown  prodpitMo.  Tbia  taat  ia,  however,  not  very  eefMitiva. 
More  latijifaotory  ia  tho  lolphoojaoido  teat  It  ia  oarried  out  by  treating 
the  fint  10  aa  of  the  diatillate  aa  above  montioned  with  10  aa  of  alooholie 
ammonia,  ahaking  the  mixture,  and  heating  gentlj.  Tho  whole  la  then 
evaporated  to  drjneaa,  the  leaidue  Ukeu  up  with  a  little  water,  and  with 
forrio  ohloride,  teated  for  the  preaenoe  of  aulphoojanidoa.  This  teat  ie  much 
more  delicate  than  the  firet  named,  but,  of  couree,  aoaroelj  euitable.for  tlie 
determination  of  the  quantity  of  oarbon  bisulphide  preeent  Thia  is  best 
oarried  out  by  means  of  the  hydiaiine  test,  whieh  ia  alao  the  moal  satia- 
faotory  test  for  the  rrady  detection  of  even  minute  traeea  of  carbon 
bisulphide. >  In  carrying  out  this  teet,  a  few  dropa  of  phenylhydrasine 
(free  base)  are  added  to  about  10  o.c  of  the  solvent,  and  the  mixture  is 
allowed  to  atand  for  about  two  bourn.  As  long  aa  the  quantity  of  earboo 
bisulphide  preeent  is  not  lees  than  0*02  per  cent,  a  more  or  lea  abundant 
crystalliitation  of  phenylhydrasine — phenylsulphocarbasinate 


\,H^( 


is  obtaiued.  The  crystals  are  filtered  off  into  a  weighed  Gooeh  enieihio  by 
moans  of  a  vacuum  pump,  25  co.  of  pure  beniol  being  used  for  the  purpose 
of  waahing,  and  the  crucible  ia  then  dried  for  one  hour  in  a  vaonom 
desiccator.  The  weight  of  the  precipitate  may  then  be  aacertatDsd  by 
weighing  crucible  and  contents.  By  multiplying  the  quantity  of  the 
phenylhydrasine  compound  thus  asoortained  by  the  &otor  0*3fi,  the 
quantity  of  oarbon  bisulphide  ooutained  in  10  ao.  of  the  aolvent  b  obtained. 
Thiti  test  is  much  nKsre  sensitive  than  the  disagrseablo  test  with  triethyl> 
phosphine. 

The  preaenoe  of  carbon  bisulphide  in  solvent  naphtha  is  objeetiooablo 
only  from  the  hygienic  point  of  view.  As  small  a  quantity  aa  0*1  per  oeot. 
ia  quite  sufficient  to  make  itself  noticeable  in  the  atmosphere  of  even  a  well- 
ventilated  spreading  room,  and  the  baneful  effeelB  of  earboo  bisalphide 
upon  the  workers  render  the  abaenoe  of  thia  snhstanoe  in  tho  solvent 
naphtha  absolutely  imperative.  There  k,  moreover,  no  oxeuas  for  its 
presence  in  solvent  naphtha,  poaMosing,  aa  it  should  do,  an  initial  boiling 
point  considerably  above  100*  C 

Naphthalene,  which  was  at  one  time  a  very  fkeqoeot  hnpority  in 
solvent  naphtha,  now  very  rarely  occura.  Its  preeence  in  any  appreci- 
able quantity  ia  highly  objectionable  oo  account  of  tho  very  pewiatsot 
*  LustsMAim  sad  Baiaoaii,  Btr.,  94, 78& 
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strong  smell  it  imparts  to  the  manufaotured  goods.     The  methods  for  its 
detection  are  obvious. 

PTridine  and  its  higher  homologues  occur  with  surprising  frequency  in 
solvent  naphtha,  apparently  often  escaping  the  refining  process  with 
sulphuric  acid.  They  are  objectionable,  in  the  first  instance,  on  account  of 
the  extremely  acrid  and  irritating  odour  they  impart  to  the  atmosphere  of 
the  spreading  rooms,  and  also  on  account  of  their  undoubtedly  detrimental 
action  upon  india  rubber.  For  hygienic  and  technical  reasons  it  is  there 
fore  equally  desirable  to  possess  a  ready  means  of  detecting  their  presence 
in  solvent  naphtlia.  This  is  much  more  difficult  than  would  at  first  appear, 
chiefly  owing  to  the  fact  that  it  is  practically  impossible  to  completely 
extract  pyridine  and  its  higher  homologues  from  solvent  naphtha  by  means 
of  dilute  acids,^  and  the  difficulty  is  further  increased  by  the  circumstance 
that  the  evaporation  of  dilute  aqueous  solutions  is  impossible  without  total 
loss  of  the  pyridine.  The  following  technical  test  gives,  however,  entirely 
satisfactory  results,  and  is  of  quite  sufficient  sensitiveness  for  the  purpose. 

100  c.c.  of  the  solvent  are  energetically  shaken  with  100  c.c.  of  water  in 
a  separating  funnel,  and  the  liquids  are  then  allowed  to  separate.  About 
15  CO.  of  the  water  are  then  filtered  through  a  dry  filter  into  a  test  tube, 
a  few  drops  of  a  10  per  cent,  solution  of  cupric  sulphate  added,  and  the 
contents  of  the  test  tube  heated  to  boiling  point.  If  the  liquid  remains 
perfectly  clear,  the  solvent  is  either  free  from  pyridine,  or  its  quantity  does 
not  reach  1  part  in  1500  parts  of  naphtha  (0*06  per  cent.).  Anything 
from  the  faintest  to  a  pronounced  bluish  white  turbidity,  but  not  leading 
to  an  appreciable  precipitate  of  the  same  colour,  after  thirty  minutes' 
standing,  indicates  an  amount  of  pyridine  ranging  in  proportion  from 
1  :  1500  to  1  :  1000  (O'OG  to  0*1  per  cent.).  If  the  amount  of  pyridine 
present  at  all  exceeds  0*1  per  cent.,  a  more  or  less  copious  precipitate  is 
obtained.  If  the  amount  of  pyridine  present  exceeds  0*3  per  cent., 
turbidity  is  at  once  produced  in  the  aqueous  extract  on  adding  to  it  the 
cupric  sulphide.  The  sensitiveness  of  this  test  is  exactly  coterminous  witli 
that  of  the  normal  sense  of  smell  for  pyridine — i.e.,  a  solvent  naphtha, 
which,  according  to  this  test,  would  be  passed  as  free  from  pyridine,  may, 
as  a  matter  of  fact,  contain  up  to  0*04  or  0*05  per  cent,  this  b<xiy ;  but 
if  so,  it  cannot  be  detected  either  by  this  test  or  by  the  physiological 
properties  of  the  naphtha  as  experienced  in  the  manufacturing  departments. 
The  presence  of  so  small  a  quantity  as  0*06  per  cent,  is,  however,  clearly 
recognisable  by  this  test,  and  equally  so  in  the  atmosphere  of  the  spreading 
room. 

Adulterations  of  solvent  naphtha  by  either  petroleum  spirit  or  shale 
spirit  are,  no  doubt,  best  avoided  by  purchasing  direct  from  the  producers. 
They  betray  themselves  in  most  cases  already  by  an  impossibly  low  initial 
boiling  point,  and  likewise  by  the  lower  specific  gravity.     If  a  sample  of 

*  This,  no  doubt,  finds  its  explanation  in  the  fact  that  dilute  aqueous  solutions  of  the 
pyridine  salts  are  almost  completely  hydrolysed. 
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Kolveot  uapbtlMi  it  ■mptotod  in  this  ratptoti  abooi  60  oa  of  it  aboiild  bo 
pliMd  in  A  flaak  ol  aboat  iOO  cc  c^miAty,  mad  vrntrntM  vMi  a  raioi 
OQodniMr.  Tht  fltitr  it  irirll  nTtnltil.  un^  ■  miitnrt  nf  ftft  r  n  of  nmnMnff itil 
lit  trio  aoid  with  SO  ae.  of  oooeontnitcd  ftulphurie  add  alowljr  addad,  gaotJjr 
■haliiog  from  Umo  to  tiroo.  Ai  tooo  m  th%  al  am  imtbar  briik,  nantion 
boglni  to  ■bekan,  water-bath  haat  It  a|ipUad  for  flftoen  miniiitt.  Tht  OBMt 
it  thou  allowod  to  eool,  oarofullj  dilutod  with  oold  wator,  traoaforrod  aa 
oomplotely  aa  pooiiblo  iuto  a  ooparating  funool,  and  allowod  to  ootUo.  Tbo 
wliole  of  tlie  lower  lajer  it  run  into  a  fraotiooating  flaok  of  aboal  SAO  tie. 
oapaoity,  an  oxoett  of  aqueout  oanttio  toda  it  added,  and  the  matt  dittUltd 
in  a  current  of  tteam  until  aboal  one-third  of  the  nitrated  bodiet  have 
patted  orer.  Tbit  opoimlion  it  rtptatod  with  the  whole  of  the  dittillato 
for  a  aecond  time»  uting  a  email  aeparating  funnel  aa  the  reoeivor,  when 
the  unnitrifiable  hjdrooarbona  will  be  found  floating  upon  tha  wator. 
The  latter  ia  drawn  ofl*  aa  oomplotelj  aa  pooriblo,  and  the  yoIuom  of  the 
unnitrifiable  hjdrooarbont  atoertained  bjr  running  them  into  a  tnall 
graduated  cjlinder.  It  muat,  howoTor,  be  remembered  thai  ovon  90^a 
benaol  oontaint  intariably  from  1  to  3  per  oent  of  tuch  hjdrocarboQt, 
and  toWeut  naphtha  from  3  to  6  per  oent. 

3.  Peiraleam  Spirit^The  fraotiona  boiling  below  160*  C  which  an 
obtained  under  the  name  of  *  Deodoritod  Petroleum  Spirit '  oome  into  the 
market  from  the  distilUtioo  of  American  crude  polinleum.  Thit  tolYoot»  m 
itt  gonorallj  Tory  high  state  of  purity,  it  uted  ezteaihrolj  at  an  India  rubber 
tolTent»  generallj  in  oonj unction  with  a  greater  or  tmaller  propoctku  of 
ooal  tar  naphtha.  Itt  uae  without  the  Utter  it  not  taiitftielofy,  at  itt 
toWent  properttet  are  greatly  iDfcrior  to  that  of  ooal  tar  naphtha,  and  aloo 
on  account  of  itt  fiar  greater  TolatUity.  Agatnat  ooal  tar  naphtha,  petrdenm 
spirit  hat  the  adrantage  of  being  almoat  odourleaa,  or  practically  to— a 
point  which,  etpecially  in  the  manufacture  of  waterproof  doth,  it  rather 
important. 

Deodoritod  petroleum  spirit  contittt  almoct  entirely  of  hydrocarbono 
of  the  aliphatic  teriet  G,H^,j.  Go  tubmitting  it  to  the  boiling  point, 
tett  figuret  are  obtained,  of  which  tamplea  9,  10^  11,  and  13  in  the  Ubles 
already  given  are  good  typea.  As  a  matter  of  fact,  howoTor,  it  will  be 
found  that  petroleum  spirit  oontaina  not  iuoonsiderable  quantitiea  of  mnoh 
lower  boiling  hydrocarbooa.  Indeed,  in  fractionating  largo  quantitioa  of 
petroleum  ipirit  (500  gallont  at  a  time),  a  Tory  largo  Tolumo  of  fapoura  of 
extremely  low  boiling  point  it  given  off  at  Brst,  followed  by  a  dittillato 
amounting  to  about  10  per  oent  of  the  whole,  the  boUIng  polnl  of 
which  ranges  from  about  18*  C.  to  about  40*  O,  and  whieh,  Ihortloi^  it 
evidently  a  mixture  of  butane  with  much  pen  tana. 

Of  courM  petroleum  apirit  of  aa  low  a  boiling  point  at  the 
above  quoted  it  rather  the  rovono  of  advantagooot  to  tlio 
and  for  this  rtaton  productt  like  Na  8,  and  even  nMni  00  Na  IS  and  14, 
are  much  preforabla. 
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the  boiling  point  test,  petroleum  spirit  should  be  tested  for  the 
of  pyridine,  and  it  is  also  advisable  to  ascertain  whether  its 
puriBcation  has  been  carried  far  enough.  The  test  for  pyridine  has 
already  been  described  above;  the  purification  test  is  carried  out  by 
shaking  violently  in  a  test  tube  10  c.o.  of  the  spirit  with  6  c.c.  of  sulphuric 
acid  of  1*65  specific  gravity.  There  should  be  no  perceptible  amount  of 
discoloration  either  of  the  acid  or  of  the  hydrocarbon  liquid. 

There  is  a  general  concensus  of  opinion  among  india  rubber  manu- 
facturers that  there  is  greater  risk  of  fire  by  '  spontaneous  ifpiitiou '  in  the 
use  of  petroleum  spirit,  than  when  coal  tar  naphtha  is  employed.  This 
opinion  appears  to  be  confirmed  by  the  fire  statistics  available,  which 
unquestionably  show  that  during  the  ruling  of  high  coal  tar  solvent  prices, 
when  there  is  naturally  a  tendency  to  use  more  petroleum  spirit  in  its 
plaoe,  the  frequency  of  fires  in  rubber  factories  invariably  rises. 

3.  Shale  Naphtha. — This  is  a  product  produced  in  large  quantities  by 
the  Scotch  shale  distilleries.  In  its  chemical  properties  this  solvent  is  very 
similar  to  petroleum  spirit,  but  while  the  latter  consists  practically  entirely 
of  hydrocarbons  of  the  aliphatic  series,  the  hydrocarbons  of  shale  naphtha 
consist  almost  entirely  of  defines.  The  specific  gravity  and  boiling  points 
of  shale  naphtha  approximate  closely  to  those  of  coal  tar  naphtha.  Against 
petroleum  spirit  it  has,  however,  the  disadvantage  of  a  very  pronounced 
and  persistent  odour.  This  odour,  though  highly  characteristic,  is  by  no 
means  offensive.  Indeed,  it  is  by  many  considered  preferable  to  the  odour 
of  coal  tar  naphtha,  and  the  preference  often  expressed  for  the  latter  is 
probably  chiefly  due  to  old  custom.  Wherever  the  question  of  odour  is 
of  not  much  account,  shale  naphtha  will  be  found  to  be  a  very  effective 
and  cheap  solvent  for  many  purposes  in  connection  with  the  manufacture 
of  india  rubber. 

4.  Turpentine. — Turpentine  was  the  first  organic  solvent  which 
Hancock  applied  to  india  rubber  in  the  hope  of  producing  india  rubber 
solutions.  In  this  he  failed,  ascribing  his  failure  to  the  impure  description 
of  his  turpentine.  Shortly  after  his  discovery  of  the  effects  of  mastication 
upon  india  rubber,  he  found  that  one  of  the  most  valuable  results  of 
this  operation  was  the  readiness  with  which  the  rubber  so  treated  dis- 
solved in  turpentine — an  effect  which  is,  however,  just  as  pronounced 
with  any  other  solvent.  To-day  the  use  of  turpentine  as  a  rubber  solvent 
has  become  almost  obsolete  save  for  a  few  specific  purposes.  This  is,  on 
the  one  hand,  due  to  its  high  price  (two  shillings  per  gallon) ;  and  on  the 
other,  to  its  high  boiling  point. 

It  is  rather  remarkable  that  all  dextro-rotary  brands  of  commercial 
turpentine  are  better  solvents  than  the  laevo-rotary  kinds.  For  this  no 
doubt  very  complex  phenomenon,  no  explanation  can  at  present  be 
suggested.  Somewhat  more  inteUigible  is  the  fact  that  the  more  dipentene 
a  turpentine  contains,  the  better  a  solvent  it  is.  This  in  some  measure 
ap[)eiirs  to  be  a  contradiction  to  the  first  statement,  as  dipentene  is  optically 


IKDIA   RUBBBB  SOLVIimL  I99 


ioAotifo.  It  i%  however,  nol  impcMiible  thai  the  deztio^^oluy 
oontein  mofe  dipeoteoe  Ihao  their  optleal  eotafooJiti  Oertaln  it  it  thU 
RuMian  torpeotiiie,  the  oorarreooe  of  dipeoteoe  in  vhleh  fe  deAnltelj 
Moertained,  and  which  ie  aUo  deztro-roterj,  eurpewfe  io  disKilving  power 
ell  the  other  bnuide  of  lurpeotiDe.  The  enrioiie  old  ■Tetwient  that 
turpentliie,  after  haring  been  dietilled  over  iodla  mtber,  aeqnliee  therabj 
much  greater  diaM>lvi]ig  power  then  before^  finds  ite  eiplanation,  perfaape,  in 
the  eame  lkot»  as  it  is  well  known  that  the  distillatkMi  of  torpentine  fctm 
retorts  heated  bj  direct  flame  elwajs  leads  to  the  formatkm  of  more  or 
less  dipeoteoe.  But  to  this  ease  the  prssenee  of  iodia  mbber  in  the 
distilling  liquid  would  appear  to  be  quite  onneoeesary. 

6.  Oarbon  Bisulphide. --This  subetanoe  b  emplojed  in  rubber  isetories, 
Io  a  very  slight  extent  onlj»  as  a  solvent,  its  voUtility,  inflammabili^,  and 
very  generally  its  bad  odour  lieing  equally  objeotiooable  for  thie  purpoea. 
It  is,  however,  employed  in  enormous  quantities  as  a  solvent  for  ehloride 
of  sulphur  in  the  prooees  of  oold  vulcanisation 

Oarbon  bisulphide  boils  at  46*  C^  and  it  will  generally  happen  that 
whatever  bo  the  degree  of  purity  of  the  oommeroial  product,  the  vartatkNM 
of  the  boiling  point  are  very  insignificant— eo  much  eo^  that  the  boiling 
point  in  this  case  praotically  ceases  to  be  a  criterion  of  the  purity  of  the 
sample. 

The  impuniies  occurring  in  carbon  bisulphide  are  very  liule  known, 
especially  those  that  cause  the  very  offensive  odoor  of  many  of  the  oom- 
meroial samples.  Free  sulphur  is  almost  invariably  preaent,  and  as  loog 
as  its  amount  does  not  exceed  0*15  grms.  in  100  c^  is  quite  nnobjeotioo- 
abla  For  practical  purposes  the  whole  of  the  residne  remaining  after  Aa> 
ttUatton  may  be  taken  to  repreeent  sulphur.  This,  strictly  speaking  is  noi 
quite  correct,  and  this  residual  sulphur  always  contains  more  or  less  minute 
proportions  of  at  least  two  crystallisable  oompoonds  which  appear  to 
be  to  a  large  extent  reeponsible  for  the  bad  odour  of  the  great  majority 
of  the  commercial  products.  Besidee  theee,  carbon  bisulphide  often  eon- 
tains  sulphuretted  hydrogen  in  solution,  and  it  is  scarcely  neoeasaiy  to  point 
out  that  this  occurrence  is  proof  of  a  very  perfunctorily  performed  pnrifi- 
cation.  Such  products  are  always  characterised  by  a  more  or  lees  marked 
yellow  colour.  The  purer  a  sample  of  bisulphide  of  carbon,  the  mors  ita 
odour  approximates  that  of  chloroform.  An  acrid  or  otherwise  badly  small- 
ing  product  shoukl  unhesitattngly  be  rejected,  as  there  is  no  doobi  what- 
ever that  an  article  perfectly  'waterwhite'  and  free  fkom  any  ofleoaivw 
odour  can  be  and  is  produced  on  a  commercial  ecale. 

liany  attempts  have  been  made  to  snbstitate  less  obooxioas  solvsnls  for 
oarbon  bisulphide,  but  although  in  a  few  applicationa  pure  benaol  has 
proved  fairly  sstisfsctory,  its  general  uee  aa  the  solvent  for  chhxids  of 
sulphur  in  the  oold  eofs  process  ia  barred  by  the  foot  that  it  prodnees 
surfaces  having  a  'starved,'  leathery  feel,  although  the  vulcanisation,  as 
such,  b  perfect.    Thb  matter  has  already  been  diseussed  (page  80),  and  it 
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will  suffice  here  to  state  limt  in  my  own  opinion  tliis  is  duo  to  the  fact 
that  the  swelling  of  the  rubber  is  very  much  loss  with  benzol  than  with 
oarbon  bisulphide.  Consequentlj,  in  curing  a  thin  rubber  film — e.^.,  water 
proof  cloth — with  bonsol  as  the  solvent,  only  a  very  slight  swelling  takes 
place  before  the  *  setting ' — f.6.,  the  peotisation^f  the  rubber ;  but  under 
the  same  oonditions,  using,  however,  carbon  bisulphide  as  the  solvent,  the 
pectisation  of  the  rubber — in  other  words,  the  curing  effect— takes  place 
while  the  film  is  in  a  state  of  considerable  distension  as  regards  thickness. 
I  have  shown  that  vulcanisation  results  in  the  permanent  fixation  of  the 
physical  condition  as  to  structure  of  the  rubber  at  the  moment  at  which 
it  occurs,  and  it  is  therefore  evident  that  any  difference  in  the  physical 
eflbct  produced  by  different  solvents  used  in  the  vulcanisiition  process  must 
necessarily  persist  after,  and  be  rendered  permanent  by,  the  process  of 
vulcanisation. 

This  is,  in  my  opinion,  the  only  feasible  explanation  of  the  otherwise 
quite  unintelligible  fact  that,  chemically,  the  process  of  cold  vulcanisation 
varies  considerably  in  its  results  according  to  the  nature  of  the  solvent 
employed.  It  shows  also  that  the  real  difficulty  of  the  problem  of  finding 
a  satisfactory  substitute  for  carbon  bisulphide  lies  not  so  much,  as  lias  been 
assumed  up  to  the  present,  in  the  discovery  of  some  cheap  solvent  which 
is  fairly  volatile  and  indifferent  to  india  rubber,  but  rather  in  finding  a 
solvent,  the  physical  effect  of  which  upon  india  rubber  shall  be  identical 
with  that  of  carbon  bisulphide. 


OHAPTKR  VII. 

COLOXTRIKO  MATTERS. 

Al/raouoR  a  great  number  of  indm  rubber  articles  are  produoed  having  a 
colour  more  or  leas  pronounced  and  differing  from  that  of  pure  Tuleanieed 
india  rubber,  yet  colouring  matters  do  not  pUj  a  wvrj  important  part  in 
the  manufacture  of  these  goods.  The  obTioua  reaaoo  is  that  the  uses  to 
which  these  articles  are  put  are,  with  Tcry  few  ezoeptioDS  oolj,  so  highly 
technical  and  purely  utilitarian  as  to  render  their  colour  a  matter  of  move 
or  leas  oomplete  indifference.  The  vast  majority  of  india  rubber  goods  are 
either  grey,  bUck,  or  red  in  colour.  The  grey  colour  is  that  d  ao  india 
rubber  article  containing  no  colouring  matter  of  any  sort;  the  blaek 
colour  is  either  tlie  colour  of  desulphurised  '  cut  sheet '  artiolei^  or  of  goods 
containing  lauip  black,  pitches,  and  similar  compounds ;  while  the  red  colour 
is  due  to  the  rubber  containing  antimony  pentasulphide,  an  eicellent  sulphur 
carrier,  or  it  may  also  be  due  to  the  pieeeoee  in  the  rubber  of  nothing 
more  than  *  red  iron  oxide '  used  for  the  purpoee  of  imiuting  the  eoloor  of 
sulphide  of  antimony,  which  colour  many  people  still  connect  with  the  idea 
of  a  Tcry  high  quality  rubber  article. 

In  one  branch  particularly  of  the  india  rubber  tiade  that  of  ladie^ 
waterproofs — coloiuv  are  used  eztensiTely  for  decocmtiTe  and  omamenlal 
purposes,  either  by  producing  self-coloured  rubber  surfaoea,  or  by  printing 
upon  variously  coloured  rubber  surfaces  textile  designs  either  with 
ordinary  pigment  colours,  with  pigment  lakes,  or  with  metallic  powders 
(bronaes). 

There  is,  perhaps,  only  one  other  article  in  which  eoloor  is  an  sssenlial 
feature.  This  is  in  the  hard  rubber  compounds  for  dental  purposes  (gumsX 
although  obviously  in  this  case  the  colour  serves  a  utilitarian  purpoee  like> 
wise^  being  intended  to  match  the  colour  of  the  tissues  of  the  mouth.  In 
the  production  of  this  *  compound,'  Continental  and  Amecioai 
have  altogether  ontitripped  their  English  rivalu  Tbe  eoloaiing 
employed  in  this  case  is  invariably  either  vermilion,  the  colour  of  which  is 
attenuated  by  the  admixture  of  sine  whiter  or  vermiliou  with  a  trace  of 
cobalt  blue. 
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iu  examining  any  colouring  matter  intended  for  use  in  conjunction 
with  iiidia  rubber,  the  following  points  oall  for  particular  attention : — 

1.  The  colouring  matter  should  contain  no  substance  or  compound 
detrimental  to  india  rubber. 

2.  The  colouring  matter  should  be  able  to  withstand  the  chemical  and 
physical  influences  of  vulcanisation. 

3.  The  colour  in  the  vulcanised  article  should  be  fairly  fast  to  light ; 
it  should  not  bleed  on  immersion  of  the  article  in  boiling  water  rendered 
faintly  alkaline  by  ammonia,  or  in  water  rendered  faintly  acid  by  acetic 
acid. 

4.  The  colour  used  should  not  affect  the  durability  of  the  rubber 
articles. 

White  Pigments. 

White  Lead. — This  product  is  used  fairly  extensively,  owing  to  its 
enormous  covering  power.  Its  purity  may  be  ascertained  by  the  well- 
known  chemical  methods.  Seeing,  however,  that  the  chief  recommenda- 
tion of  white  lead  lies  in  its  covering  power,  which  is  greatly  affected  by 
impurities  and  adulterations,  and  that  even  different  samples  of  pure 
white  lead  exhibit  very  considerable  variations  in  this  respect,  it  appears 
preferable  to  dispense  with  the  chemical  test  of  this  product,  and  to  ascer- 
tain its  covering  power  instead,  in  comparison  with  some  known  product  of 
standard  excellence.  The  test  is  carried  out  by  placing  upon  a  glass  plate 
of  convenient  size  2  grms.  of  the  standard  white  lead,  and  at  a  distance  of 
from  4  to  6  inches  another  2  grms.  of  the  white  lead  to  be  examined.  To 
each  of  these  samples  0*2  gnn.  of  lamp  black  and  20  drops  of  linseed  oil 
are  then  added.  With  a  palette  knife  of  suitable  size  the  separate  samples 
are  then  successively  worked  by  pressing  and  rubbing,  until  in  each  case 
an  absolutely  uniformly  grey  paint  is  produced,  which,  by  means  of  the 
palette  knife,  is  spread  in  an  even  coating  over  the  glass.  Corresponding 
to  the  two  samples  of  white  lead  so  treated,  two  separate  coatings  of  grey 
are  thus  obtained  almost  side  by  aide,  and  it  is  very  easy  to  judge  whether 
they  are  of  identical  shade  or  not.  The  grey  shade  produced  is,  of  coiu^, 
the  lighter,  the  higher  the  covering  power  of  the  white  lead.  It  is  now 
very  easy  to  reduce  the  darker  of  the  two  shades  of  grey  to  the  shade 
of  the  lighter  one  by  gradually  working  into  the  darker  shade  small 
portions  of  the  same  white  lead  until  the  two  shades  are  exactly  equal. 
The  covering  power  of  the  two  samples  then  varies  inversely  as  the 
quantities  of  white  lead  required  for  the  production  of  identical  shades 
of  grey. 

White  lead  is  an  excellent  material  for  the  production  of  *cold  cured* 
rubber  goods,  but  it  cannot  be  employed  for  the  manufacture  of  hot  vul- 
canised articles,  the  free  sulphur  at  the  vulcanising  temperature  entirely 
discolouring  the  white  lead.  Gold  cured  goods  may  also  develop  this  dis- 
coloration in  a  slight  degree  if  the  chloride  of  sulphur  employed  contains 
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too  mtiob  hm  tolphtir,  or  if  tho  oMrbon  biiulphido  oaad  bo  oooUmioAtod 
with  H|8,  or  oontain  too  much  free  nilphur. 

ZVm  WhiU-^Thk  ooopoood  is  yerj  oiieoiiTolj  oiiiploj«d  in  tho 
mannhotnrt  of  white  mbber  goods.  In  tosttag  ssmplai  ii  should  bt 
remombared  that  inferior  brsnds  often  oonlsfai  ososible  qusntltics  of  Uhd 
or  meUlHo  lino,  both  of  which  impurities  verj  detrimentelljr  afleet  the 
puritj  of  the  oolotir  is  it  appeers  after  vuloaniaatioo.  The  eorering  power 
of  different  bmods  of  sine  white  b  lubjeot  to  nut  inoonsiderable  Yariatloo% 
aod  should  therefore  be  asoertaioed  bj  the  test  aboTO  deeeribed  for  the 
examination  of  white  lend. 

Zinc  white  is  equally  suitable  for  the  manufacture  of  oold  as  of  hoi 
OQred  goods. 

The  Kooeral  analysis  and  Taluation  of  sine  white  oalls  for  no  special 
romark,  and  is  earned  out  bj  well-known  methods.  The  quantity  of 
metallic  shie  or  lead  oontained  in  it  is  often  so  small  as  to  esoape  detoc^km. 
It  will,  howerer,  frequently  be  found  that  different  brands  of  sino  whiter 
owing  to  differences  in  the  quantities  of  the  abo?e  named  impurittee  oon- 
tained therein,  exhibit  surprising  variations  in  the  colour  of  the  rubber 
goods  manufaotureil  by  tboir  aid.  This  is  due  to  the  laot  that  Tariataooa 
in  the  quantitiee  of  these  impurities  will  neoeesarily  alio  oaose  TariatkNW 
in  the  colour  of  the  zinc  white  as  it  appears  in  the  india  robber  artkles 
after  Tulcanisatinn,  in  which  prooees  these  impuritiee  are  oooverted  hito 
their  reepectiTe  sulphides.  The  effect  of  this  discoloration  ean  resdily  be 
asoertained  in  any  given  sample  of  sino  white  by  shaking  ahoot  2  gnnsi  of 
it  in  a  test  tube  with  15  aa  of  water,  adding  to  this  sntpeosioQ  one  or  two 
drops  of  ammonium  sulphide,  and,  after  two  or  three  minutes'  standings 
comparing  the  oolour  of  the  sino  white  so  treated  with  a  soiq[>ension  of  aomo 
of  the  same  sample  in  pure  water.  Or  the  sine  white  is  mixed  in  a  mortar 
with  a  small  quantity  of  sulphur,  the  mixture  transferred  to  a  orucible^  tho 
sulphur  driven  off*  at  a  gentle  heat,  and  the  ohange  of  oolour  noted. 

LHhofionf. — The  theoretioal  oomposition  of  this  pigment  Is  eipreawd  by 
the  formuU  ZnS,  BaSO^,  and  it  should  therefore  contain  39*4  per  oent. 
of  sine  sulphide  and  70*6  barium  sulphate,  but  most  of  the  commercial 
products  of  this  description  contain  much  lees  sino  sulphide.  It  is  a 
matter  of  general  practical  experience  that  the  value  of  the  pcoduot  as  a 
white  pigment  rapidly  diminishes  with  the  quantity  of  lino  sulphide 
present,  so  that  its  analysis  and  valuation  resolves  itself  into  the  deter- 
mination of  the  respective  proportions  of  sine  sulphide  and  barium  sulphato 
present  Thb  is  carried  out  with  suffioient  aoouraoy  by  dienlvfaig  a 
weighed  quantity  of  the  lithopone  in  dilute  hydroohlorio  add,  adding  a 
moderate  quantity  of  a  solutioo  of  ammonium  ohloride^  and  boiUng  ior 
from  ten  to  fifteen  minutes.  The  Uisoluble  barium  sulphate  is  filtered  ofl^ 
washed  neutral,  dried  on  the  filter,  the  latter  subsequently  ioetnerated, 
and  the  residue  weighed.  Deducting  the  weight  thos  obtained  tram  tho 
weight  of  the  lithopone  used,  yields  tho  weight  of  the  noo  snlphide 
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Barium  Sulpfiate, — This  is  used  either  iu  the  form  of  the  finely  grouud 
mberal '  barjteB,'  or  in  the  form  of  artificiallj  precipitated  barium  sulphate. 
The  Utter  preparation  has  a  somewhat  greater  covering  power  than  tho 
natural  product,  however  finely  ground.  All  these,  and  the  following 
adjuncts,  can  scarcely  be  described  as  white  pigments,  their  whiteness 
being  simply  due  to  the  diffused  reflexion  of  extremely  fine  crystalline,  but 
individually  tmnsiiarent,  particles.  By  embedding  these  powders  in  a 
medium  of  high  refractive  index,  they  become,  of  course,  more  or  less 
transparent — i.e.,  the  *  whiteness '  disappears.  They  behave  in  this  manner 
when  incorporated  with  india  rubber,  the  refractive  index  of  which  is 
comparatively  high.  They  must,  therefore,  be  described  as  filling  agents 
rather  than  as  white  pigments. 

Paris  WTiite, — This  product,  also  known  as  whiting,  is  a  more  or  less 
impure  natural  calcium  carbonate  (chalk).  The  impurities  consist,  besides 
traces  of  organic  matter,  of  silica  (diatoms) ;  in  exceptional  cases  it  may 
contain  magnesium  carbonate  (magnesite),  and  it  invariably  contains  traces 
of  ferric  oxide.  It  is  the  most  extensively  used  filling  agent;  its  value  as  a 
white  pigment  is  of  the  slightest. 

Eed  and  Brown  Pigments. 

Oclden  StUphule. — This  product  consists  of  antimony  pentsusulphide 
containing  up  to  40  per  cent,  of  free  sulpliur.  It  is  one  of  the  most  active 
*  sulphur  carriers'  known,  but  there  is  little  doubt  that  it  was  originally 
employed,  and  has  been  extensively  used  up  to  the  present  day,  perhaps 
even  more  on  account  of  its  colour,  there  being  very  little  choice  in  red  or 
scarlet  pigments  suitable  for  the  manufacture  of  hot  cured  *red  rubber* 
goods.  The  shade  of  this  product  varies  rather  considerably  according  to 
the  mode  of  its  preparation,  and  it  is  very  curious  to  observe  that  different 
countries  favour  different  shades,  to  the  practical  exclusion  of  any  other. 
Thus,  in  France  a  bright,  deep  red  is  preferred,  (Jermany  favours  a  bright 
orange  or  tan  colour,  whilst  English  manufacturers  select  a  medium  shade. 
For  the  analysis  of  this  product,  see  page  185.^ 

Vermilion. — This  is  the  most  brilliant  of  all  the  scarlet  pigments  avail- 
able for  the  purposes  of  the  india  rubber  manufacturer.  It  is  perhaps  the 
only  one  which  is  equally  suitable  for  soft  rubber,  however  cured,  as  for 
ebonite.  The  colour  of  vermilion  varies  from  a  fine  but  pale  bluish- 
crimson  to  a  full  bright  scarlet.  The  shade  depends  essentially  upon  the 
size  of  the  crystals.  The  smaller  these,  the  paler  and  bluer  the  shade ;  the 
larger  the  crystals,  the  darker  and  brighter  the  colour.  Adulterations  of 
vermilion  are  nowadays  practically  unknown,  and  it  is  therefore  scarcely 
ever  necessary  to  proceed  to  an  analysis  of  it.    Under  certain  circumstances 

*  The  freqaently  made  statement  that  antimony  pentasulphide  ia  an  excellent 
Tolcanising  agent  is  a  pore  myth,  one  of  the  many  to  be  found  in  the  rubber  trade,  and 
as  hard  to  kill  as  the  sea-serpent  The  fact  of  the  case  is  that  most  of  the  antimony 
sulphide  in  the  market  contains  from  15  to  20  per  cent,  and  more,  of  free  sulphur,  to 
which  the  supposed  vulcaniang  action  of  this  pigment  is  to  be  ascribed. 
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it  nuij  b«  detirmblo  to  mtoent^^  me  ooTenng  power  of  a  giveo  auBple. 
Thk  it  oarried  oal  oaetlj  at  btftw  deeeribed. 

Both  red  aoUmooj  ittlpbida  and  Teniiilkm  profwr  can  ba  MBplojad  for 
the  manulMiort  of  hot  or  oold  Tuleaniaed  gooda.  Their  laae  fai  tba  latter 
oaee  would,  howorer,  amount  to  abeer  waate  of  moiMj,  dnoa  aa  good  and 
•▼ao  mnoh  better  aflbeta  can  be  obtained  with  the  eoonBOoe  nuige  of 
orange^  Mariatk  and  erimaoo  pigment  hkm  (aniline  lakceX  vhieb  are  quite 
aa  permanent,  and,  if  eompetentlj  mannfaotitrad  for  the  porpoaa^  perfeotlj 
indiflferent  to  india  robber. 

Red  ami  Bntwn  Iron  Oxidm, — Tbeae  produota  appear  on  the  market 
under  countlett  fanoj  namea.  Some  of  the  ao-oalled  '  Venetian  reda '  of  thia 
oUaa  riral  in  brtlUancj  and  oharaotar  of  ahadaa  good  qualitiaa  of  antimooy 
aulphide,  but  the  rarioua  produota  exhibit  rerj  great  diiSraieaa  in  eovar* 
iug  power.  Thia  ia  aacertainc'd  in  the  already  deeeribed  manner,  and  the 
etrongeat  produota  ahould  alwajra  be  giTon  the  prafarenoe.  The  reaaon  for 
thia  ia  that  ferrio  oxidea,  eepeoiallj  the  mora  or  leaa  hjdrmted  Tarietlee,  are 
by  no  meana  ao  indifferent  to  india  robber  aa  ia  generallj  auppoeed.  Cold 
oured  india  robber  gooda  containing  thia  article  are  often  found  to  undergo 
oxidation  rather  quiokljr.  Thin  ia  much  leaa  the  oaae  in  hot  enrad  gooda, 
but  there  ia  no  doubt  that  the  iron  oxide  pigmenta  greatly  rednoe  their 
reaalieooy. 

A  complete  analyaia  of  theae  pigmenta  ia  generally  of  not  mneh  oaa^  aa 
the  percentage  of  iron  oxide  in  them  bean  only  a  Tery  remote  relation  to 
their  intrinaic  Talue.  Some  of  the  Tery  brighteet  'red  oxidea'  owe^  how- 
ever, the  riohneaa  of  tbeir  ahade  Tery  Urgely  to  the  preaenoe  in  them  of 
email  quantitiea  of  apparently  free  Kulphuric  aoid.  8neh  prodoeta  are 
extremely  detrimental  to  india  robber,  and  for  thia  reaeon  the  neutrality  of 
any  given  aample  should  always  be  aooertained  by  a  apecial  teat. 

OooaaionaUy  brown  *oxidea'  are  offered  containing  manga neae  peroxida. 
The  praaence  of  thia  compound  in  hot  cured  gooda  ia  highly  undeairahle  and 
altogether  fatal  to  cold  oured  goods.  Thia  aame  obooxioua  com|iound  ia 
alao  oooaaionaUy  encountered  in  the  brown  ahadee  bearing  the  namea  of 
umber,  aienna,  or  Tegetable  brown.  Such  producta  call  for  unheaitating 
rejection  on  the  part  of  the  robber  chemist. 

JUd  amd  Brmm  Lake  Figmente.^Th9  Tery  hirge  range  of  brilliant 
pigmenta  ia  almoat  exelueiTely  prepared  from  coal  tar  dyea ;  a  few  of  them 
from  vegetable  dyea.  They  contain  from  6  to  90  per  cant  of  dye^tuff 
fixed  upon  eome  auitable  mineral  buae.  The  pigmenta  uaed  for  the  purpoeea 
of  the  india  robber  manufacturer  contain  theee  dyea  fixed  upon  either 
alumina  or  a  mixture  of  alumina  and  barium  aulphate,  or  barytei^  or  white 
lead,  and  in  aome  caaea  ctcu  red  lead.  It  ie  ecaroely  neeeaaary  to  ramarfc 
that  pigmenta  containing  the  latter  baee  ahould  be  ateiotly  avoided. 

To  teet  for  the  pteeence  of  red  lead,  the  kke  ia  rapeiitedly  boilad  with 
dilute  nitric  add,  when  the  appearance  of  a  more  or  leaa  dark-brown 
insoluble  residue  generally  auiBciently  clearly  indicates  ita  oeoonanea.     In 
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oaaes  of  doubt,  the  residue  is  boiled  with  a  fresh  quantity  of  nitric  aoid  and 
a  few  crystals  of  oxalic  aoid  or  sugar.  The  ensuing  solution  is  filtered.  A 
white  precipitate  in  the  filtrate,  on  addition  of  dilute  sulphuric  aoid, 
indicates  the  presence  of  red  lead  in  the  pigment. 

Afiiline  Lake  PigmenUy  as  these  pigments  are  commonly  called,  are 
manufactured  from  either  basic  or  acid  coal  tar  dyes.  I^kes  produced 
from  basic  dyes  are  generally  brighter  and  also  faster  than  the  lakes  obtained 
from  aoid  dyes,  but  for  sciirlet  shades  the  latter  yield  a  far  more  brilliant 
series  than  the  former.  There  is,  however,  a  class  of  coal  tar  dyes  which 
Diay  be  described  as  sulphonated  basic  dyes,  and  which  yield  even  more 
brilliant  shades  than  either  of  the  before  mentioned  classes,  although  they 
are  perhaps  a  trifle  inferior  in  fastness  to  the  lakes  obtainable  from  basic 
dyes.  The  fiutness  of  all  these  products  both  to  water  and  light  depends 
very  materially  upon  the  methods  by  which  they  have  been  prepared,  but 
this  is  scarcely  a  subject  which  can  be  gone  into  in  this  place.^ 

Of  considerable  importance  is  the  question  of  the  action  of  these  lakes 
upon  india  rubber.  Of  course,  what  action  they  possess  is  entirely  due  to 
the  coal  tar  dyes  contained  in  them.  There  is  no  doubt  whatever  that 
some  of  these  have  a  very  distinctly  unfavourable  action,  Bismarck  brown 
having  long  enjoyed  a  particularly  bad  reputation  in  this  respect.  This 
action  is  certainly  greatly  reduced  in  the  lake  pigments,  but  it  calls,  never- 
theless, for  careful  investigation  before  any  particular  lake  is  generally 
employed  in  manufacturing — the  more  so,  as  it  is  a  practical  impossibility  to 
say  off-hand  what  dyes  are  to  be  avoided  in  the  form  of  lake  pigments,  so 
much  depending  upon  the  manner  in  which  they  have  been  produced.  As 
a  general  truth,  it  may,  however,  be  stated  that  lakes  produced  from  acid 
dyes  are,  so  far  as  is  known  at  present,  very  much  safer  to  use  than 
those  manufactured  by  the  use  of  basic  or  sulphonated  bsisic  dyes.  The 
value  of  this  information  is  unfortunately  largely  discounted  by  the  fact 
that  the  lakes  produced  from  acid  dyes  represent  only  a  comparatively 
limited  range  of  scarlet  shades ;  for  all  otiier  shades,  lakes  manufactured 
from  the  other  classes  of  dye-stuffs  have  to  be  drawn  upon.  There  are,  of 
course,  numerous  blue,  green,  and  violet  acid  dyes,  but  the  lakes  they  form 
are  far  too  dull  for  the  purpose  of  the  rubber  manufacturer. 

The  valuation  of  any  of  these  products  is  best  carried  out  by  the 
covering  power  test — t.e.,  by  mixing  0*2  grms.  of  the  lake  and  also  of  the 
standard  with  which  it  is  to  be  compared  with  2  grms.  of  white  lead  and 
20  drops  of  linseed  oil  each  upon  a  glass  plate  in  the  manner  described  for 
testing  the  covering  power  of  white  lead.  This  test  also  gives  very  trust- 
worthy information  respecting  the  brilliancy  of  the  shade,  and  renders 
differences,  too  slight  to  be  with  certainty  discernible  in  the  full  strength 
lakes,  at  once  apparent. 

*  Full  information  on  this  important  subject  is  to  be  found  in  a  paper  by  myself  t 
"Researches  on  the  Formation  of  Pigment  Lakes,"  Journ.  Soc.  Chem.  Ind.,  1891, 
p.  896  ;  and  a  further  paper  under  the  same  title  in  Journ.  Soe.  Chem.  Ind.,  1893,  p.  6.50. 
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y«7  AroqoMiUj  djet  tolubU  in  Imomm  or  «m1  lar  nftpbtlM  art 
reeommaodtd  for  iho  manufaoture  of  eoloored  iodk  mbbor  goock.  TImm 
produoU,  ksovm  m  aniliDc  roiioaUa,  are  Um  ratiiiatai  of  bodo  dym  pra- 
oipiutad  upon  a  baaii  of  alumioiuin  raainate.  Thoj  maj  bo  uaed  for  Um 
manufacture  of  coloured  toj  balloooa  or  atmUar  artielaa,  bat  art  noaloai 
for  gopond  porpoita. 

All  thott  lako  ookmn  can  be  natd  for  Iho  manulMlitrt  ol  oold  oared 
gooda  onlj.  In  the  bot  cure  prooeot  thoj  undergo  more  or  loai  oomploie 
dtatnioUoD. 

Yellow  Pigxnenta. 

Yellow  pigmonta  are  onljr  of  auboidtnate  importance  in  the  rubber 
iiiduttrj.  Tbej  are  oooaaiooallj  uaed  for  toj^  and  bare  alao  been 
auggeetod  aa  a  meana  to  proToot  the  *  lunoracking '  of  rubber  good& 
Their  effioieooj  in  thia  kat  respect  appoan,  however,  doobtfuL 

Cadmium  TeUtm  ia  undoubtedly  the  safest,  and  alao,  from  the  hjgienio 
point  of  view,  the  moat  aatiabotory,  product  to  use.  It  oonaiila  of  cadmium 
sulphide,  and  its  shades  Tary  from  a  deep  orange  to  a  rich  gddai^eUow, 
according  to  the  oonditiona  under  which  it  was  produced.  It  ia  ondoabledlj 
the  aafett  yellow  pigment  to  use  in  connection  with  india  rubber  for  both 
cold  and  hot  vulcanising.  Whether  in  the  latter  proccM  it  acts  aa  a  sulphur 
carrier  is  at  least  uncertain. 

For  the  valuation  of  this  product  it  is  quite  sufficient  to  aaoartain 
qualitatively  its  freedom  from  other  metals  than  cadmium ;  tine  notably 
lends  itself  best  to  its  adulteration.  For  the  rest,  the  covering  power  teat 
will  give  all  the  necessary  information. 

Chrome  Yellow, — Under  this  name  a  wide  range  of  products  ii  known 
varying  in  shade  from  a  pale  primroee-yellow  to  a  full  and  almost  bright 
red  lead  colour.  The  essential  colouring  oonatituent  of  all  these  produelt 
ia  lead  chroniate,  and  the  variations  in  the  shade  are  due  to  the  pretsnee  in 
them  of  varying  quantitiee  of  lead  sulphate  in  the  yellower  shadea,  and  of  lead 
oxide  in  the  orange  and  red  ahadea.  The  preaanoe  of  lead  sulphate  b  often 
considered  to  be  an  adulteration  of  the  chrome  yellow,  but  if  the  lead 
sulphate  has  been  precipitated  simultaneously  with  thechromate,  the  result- 
ing  precipitate  has  colour  qualities  which  cannot  be  obtained  in  any  other 
way.  This  should  be  borne  in  mind  when  chrome  yellows  are  subjeotsd 
to  analysis.  The  best  test  of  theoe,  aa  of  all  pigmenta,  ia  to  ha  loand, 
not  in  their  qualitative  or  quantitative  compoaition,  but  in  their  oovaring 
power. 

Chrome  yellows  cannot  be  naed  for  bot  cored  good%  bot  behaTo  vtiy 
well  in  the  oold  cure  proeean. 

Zme  Tdlom,  a  double  salt  of  tine  chromate  and  pofassiam  ehrooMtOb 
ia  diatingoiahed  from  all  chroaie  yellowa  by  its  superior  grtsnith  Untk  bot 
alao  by  its  greatly  inferior  covering  power.  It  eannoli  bowetor,  be  rtcooi- 
mended  for  use  in  rubber  goodsw 
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Yellow  Ochre. — This  is  a  natural  product  consisting  of  ferric  hydrate 
depoaitod  upon  alumina,  silica,  or  aluminium  silicates — genernlly  all  three. 
To  the  rubber  chemist  its  analysis  is  without  interest,  but  as  some  uchres 
contain  the  dreaded  manganese  peroxide,  the  absence  of  this  compound 
ihould  be  ascertained.  In  addition  to  this,  an  examination  of  its  covering 
power  is  all  that  is  required. 

All  products  of  this  class  are  equally  suitable  for  hot,  as  for  cold, 
vulcanised  goods. 

YfUaw  Lake  PigmenU. — There  are  a  number  of  very  brilliant  lake  pig- 
ments derived  from  coal  tar  colours,  but,  like  yellow  pigments  in  general, 
they  are  little  used.  The  same  is  the  case  with  the  various  yellow  lakes 
obtainable  from  fustic,  Persian  berries,  and  other  yellow  vegetable  dyes. 

Green  Pigments. 

Chrome  Oxide  Oreen, — This  fine  green,  which  should  consist  of  pure 
chromic  oxide,  is  perhaps  the  fastest  of  all  mineral  pigments.  It  is  not  in 
the  least  aifoctod  in  either  hot  or  cold  vulcanisation,  nor  has  it  the  slightest 
chemical  action  upon  india  rubber.  Perhaps  its  only  drawback  is  its 
oomjiarativoly  high  price.  Adulterations  of  this  product  are  readily 
detected  by  ascertaining  the  percentage  of  chromic  «>xide  it  contains.  Its 
covering  power  varies  according  to  the  care  with  which  it  has  been  prepared. 

Bruftewick  Oreen  (Chrome  Oreen), — The  greens  which  are  otfered  under 
a  variety  of  other  names  consist  of  chrome  yellow  and  Paris  blue,  and 
contain  generally  more  or  less  considerable  quantities  of  miueralio  tillings. 
They  are  of  only  limited  applicability  for  india  rubber,  as  they  lose 
oOQsiderably  in  brilliancy  in  rubber  mixings.  They  stand  the  cold  curing 
process  satisfactorily,  but  cannot  be  used  for  the  manufacture  of  hot  cured 
goods.  There  is,  n\oreover,  a  suspicion  that  they  exert  some  detrimental 
action  \\\yon  india  rubl>er.  Their  analysis  is  scarcely  ever  called  for,  the 
covering  jn^wer  test  readily  giving  all  the  required  information. 

Oreen  Luke  Funt^enis. — A  number  of  very  fine  green  lake  pigments  are 
obtainable  from  the  coal  tar  dyes.  The  fastness  of  all  of  them  is  Terj 
■atitifaotory,  but  they  can,  of  course,  only  be  used  for  the  manufacture  of 
oold  cured  goods. 

A  large  number  of  green  pigment  odours  exist  oontiuning  either  cojyr, 
or  cop(>er  and  amimic.  It  is  scarcely  neoessarj  to  say  that  all  su^  produete 
are  from  every  point  of  view  highly  dangerous.  Also  the  use  ol  the  produets 
described  as  &ino  green,  mixtures  of  eino  yellow  with  Prussiaii  blos^  are 
likely  to  cause  trouble  in  india  rubber. 

Blue  and  Viotol  PtgBMnta. 

CTHmwiartW.— This  blue  Is  on  Iht  warket  in  a  rariefy  of  ahsde^  hoa 
ultraius^rine  violet  to  ultramariiM  gie«i«  It  is  one  of  Ih*  aalMMt  «ol(MArii^ 
•^euts  to  use  iu  india  rubber,  and  will  withstand  both  the  hoi  and  the  eold 
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Black  Pigments. 

Black  pigments  are  very  largely  used  in  the  manufacture  of  rubber  goods. 
The  vast  majority  of  these  preparations  consist  of  oarlK>n,  or  contain,  at 
least,  carbon  as  their  chief  constituent  There  are,  indeed,  some  black  lake 
pigments,  but  these  are,  however,  without  any  practical  importance  for  the 
parpoee  of  the  rubber  manufacturer. 

Lamp  Black  or  Vetjeiable  Black, — These  products  are  produced  by 
the  imperfect  combustion  of  all  kinds  of  oily  materials,  and  they  arc 
always  distinguished  by  their  enormous  bulkiness,  or  lightness  as  it  is 
termed.  The  fine  state  of  subdivision,  which  is  the  chief  cause  of  this 
property,  is,  of  course,  largely  responsible  for  the  great  covering  power  of 
these  blacks,  but  is,  however,  not  an  unmixed  blessing,  as  it  renders  the 
incorporation  of  even  a  moderate  proportion  of  them  with  india  rubber  not 
only  a  very  laborious  process,  but  also  one  which  can  only  be  accomplished 
by  subjecting  the  india  rubber  to  more  or  less  prolonged  mechanical 
treatment,  which  is  often  detrimental  to  the  quality  of  the  articles  manu- 
faotured  from  it,  and  may  also  cause  serious  trouble  in  the  process  of  hot 
vulcanising  such  goods.  There  is  further  to  be  considered  the  fact  that 
each  particle  of  black,  as  of  any  other  solid  substance  incorporated  with 
india  rubber,  carries  with  it  a  certain  quantity  of  air  into  the  india  rubber, 
which  is  only  partly  eliminated  during  the  mechanical  working  of  the 
india  rubber.  Hence  it  follows  that  the  bulkier  the  material  incorporated, 
the  greater  this  volume  of  air,  which  is  distributed  throughout  the  india 
rubber  in  bubbles  of  microscopic  minuteness.  The  porosity  thus  produced 
in  india  rubber  articles  interferes  seriously  with  the  quality  of  the  goods. 
It  is  therefore  obvious  that,  as  far  as  pigments  are  concerned,  the  denser 
kinds  are  much  preferable  to  those  possessing  great  lightness,  or  bulk. 
This  is  especially  true  of  the  lamp  blacks  used  in  connection  with  india 
rubber,  and  for  this  reason  blacks  only  should  be  used,  the  density  of  which 
has  been  increased  by  subjecting  them,  packed  into  closed  crucibles,  for 
several  hours  to  a  temperature  somewhat  above  red  heat.  This  treatment 
has  the  further  advantage  of  freeing  the  black  from  the  oily  or  greasy 
matters,  of  which  it  always  contains  a  more  or  less  considerable  proportion. 
It  should  also  be  noted  that  the  colour  and  depth  of  shade  of  the  black  is 
vastly  improved  by  this  second  burning.  Altogether,  the  improvement  in 
every  respect  produced  by  this  additional  process  is  so  great  that  most  of 
those  india  rubber  works  which  consume  a  particularly  large  quantity  of 
lamp  black  carry  out  themselves  this  second  burning  or  calcining  operation. 

Bone  Black. — This  black  pigment,  which  is  produced  by  the  charring  in 
closed  vessels  of  bones,  is  much  inferior  to  the  lamp  blacks,  and  its  use 
offers  little  or  no  advantage  to  the  rubber  manufacturer. 

Black  pigments  should  always  be  analytically  controlled  in  every  india 
rubber  works,  as  the  appearance  and  quality  of  the  goods  produced  with 
them  depends  very  much  upon  their  composition  and  colour  qualities.     It 
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hM  tdrmdj  beao  tlAtod  UuU  Unip  bUek  gwiafmllj  i>«*««*Mm  a  Mrtda 
proportkm  of  oily  or  groMjr  mUor,  nol  infroquaiiUj  ••  oMioh  «•  IS  pw 
ooot  and  of«r.  Tbk  it  atUmatod  by  oitoartfaf  a  walfhtd  qoanlilj  oT  Uio 
black  in  a  Soihlol  aitiaotor.  To  prefMit  anj  of  Um  blaek  pMiiaf  into  Uia 
extraotk  the  nimplcat  doTieo  it  to  fill  the  blaok  in  ooo  of  tho  oyUndriml 
filter  paper  tobtt,  wbieh  ean  be  porohtttd  rttdj  mada.  Btfoi«  planinf 
thit  tube  eontainlhg  the  Maok  in  ibe  Soxblet  aitniotor,  tho  optn  tod  of 
tbt  tube  it  plugged  bj  tnterting  into  it  a  wad  of  cotton  wool  Tbe  eitiact 
it  ooUtcttd  in  a  weighed  flttk.  Tbe  estrtotion  it  eflboted  with  eilbtr 
tcetone  or  ether,  and  after  the  eitractioo  the  toWeot  it  dittilled  off  tbt 
flask,  the  contoiitt  of  which  art  then  dried  in  an  oven  at  a  temperatun 
not  exceeding  80*  C,  and  tubtequeotlj  weighed. 

Tbe  onlj  tatltfaetory  wajr  to  atcertain  the  quality  of  the  thade  it  to 
obsenre  the  thadet  of  grej  yielded  by  the  bUck  in  adtntxturo  with  white 
lead.  Thit  tett  it,  of  count,  included  in  the  ordinary  coTcring  power  teii. 
The  bltck  in  thit  tett  thoukl  produce  with  the  white  lead  an  abeolately 
neutral  grey  tint  without  tbe  least  toggettioo  of  a  brownttb  or  roddith 
Unt  (foxineti).  Not  infrequently  it  will  be  found  that  a  blaok  of  an 
inferior  shade  hat  been  corrected  by  tdding  te  it  a  ttnall  quantity  of  tome 
blue  pigment  It  it  almott  invariably  Prussian  blue  which  it  thnt  ottd, 
and  te  the  experienced  eye  this  sophistication  is  almost  invariably  betrtyed 
by  the  strikingly  bluitih  tint  of  such  bUckt,  etpeoially  after  dilution  with 
white  lead.  Whether  tuch  a  oorrtotioo  it  tatitfactory  for  the  more  eominaii 
utet  of  black  pigmentt  we  need  not  ditcutt  here ;  it  it  certainly  not  to  to 
the  rubber  manufacturer,  and  blocks  of  this  kind  should  be  rejected.  The 
presence  of  Prussian  blue  it  readily  demonttrattd  by  boiUng  tonit  of  the 
suspected  black  with  a  10  per  cent  tolntkm  of  todium  dkiiahito,  wbto  a 
more  or  lett  strongly  coloured  blue  solution  is  obtained.  Sboiikl  thit  teti 
fail,  the  correction  may  have  been  efiected  with  either  a  blue  Uke  pg-f^ 
or  with  ultramarine.  The  former  may  be  detected  by  boiling  a  sample  of 
black  with  alcohol  {S!(  per  cent  strong)  acidulated  with  a  few  drops  of 
aoetio  add,  the  Utter  by  treating  the  bUck  with  dilute  tnlphnfie  teid, 
when  the  development  of  sulphuretted  hydrogen  can  be  demonttxaitd  by 
meant  of  filter  paper  impregnated  with  a  solution  of  lead  acetete.  Shonkl 
thett  tette  all  fail,  tome  of  the  bUck  embedded  in  a  highly  rtARtelive 
medium,  tuch  at  Ganada  balsam  or  cedar  wood  oil,  it  examined  under  the 
miorotoope.    Itt  uniformity,  or  otherwite^  ean  thot  be  readily  atcertained. 

Metidlio  Luatret  (Broniet). 

Impalpable  metallic  powden,  generally  mitnamed  *bioutM^'  have 
within  recent  yeart  been  exteotively  employed  for  the  lecofatko  of  India 
rubber  goodt,  nuMe  partkmlarly  waterproof  doth.  They  art  pwduetd  in  a 
very  great  variety  of  ooloon,  wbieh  are  either  the  eokmn  of  the  metak  or 
of  the  alloyt  of  which  theee  powdert  ooiititt»  or  whieh  have  btto  obeahitd 
by  subjecting  the  finished  powdert  te  a  dyeing  prooett  with  aniline  cokmra 
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These  metallic  lustres  consist  either  of  copper,  tin,  or  aluminium,  or 
alloys  of  these  with  tin,  einc,  or  occasionally  lead ;  and  considering  the  well- 
known  sensitiveness  of  india  rubber  to  various  metals,  a  careful  selection 
of  the  lustre  oolours  to  be  used  in  connection  with  india  rubber  is  of 
ooDsiderable  importance.  In  this  respect  it  is  obvious,  and,  indeed,  well 
reoognised,  that  all  those  containing  copper  are  strictly  to  be  avoided.  There 
is  still  some  doubt  concerning  the  effects  of  colours  consisting  of  tin,  or  of 
an  alloy  of  this  metal,  but  there  is  no  doubt  that  under  certain  conditions 
ervn  tin  may  injuriously  affect  india  rubber.  On  the  other  hand,  it  is 
certain  that  the  metallic  powders  consisting  of  pure  aluminium  are  without 
any  action  upon  india  rubber,  and  this  class  of  lustres,  many  of  them  dyed 
with  aniline  dyes,  are  now  practically  exclusively  employed.  The  avoidance 
of  '  decomposition '  effects  ensured  by  the  exclusive  use  of  aluminium  was 
first  pointed  out  in  Frankbnburq's  specification  (No.  160,  1896),  the  date 
of  which,  indeed,  marks  the  starting-point  of  the  successful  and  now  very 
extensively  practised  application  of  metallic  powders,  or  lustres,  to  the 
ornamentation  of  india  rubl^er  goods. 

The  question  of  the  nature  of  the  action  of  the  metals  upon  india  rubber 
will  be  fully  dealt  with  in  a  subsequent  chapter.  Incidentally  I  may  state 
that  the  metals,  as  such,  have  in  no  case  the  slightest  action  upon  india 
rubber,  but  a  large  number  of  their  compounds  are  more  or  less  injurious. 

BuRGHARDT  ^  was  the  first  to  draw  attention  to  the  destructive  effect  of 
copper  upon  india  rubber.  Thomson  ^  arrived  at  the  same  conclusion,  and 
made  a  similar  statement  with  regard  to  the  salts  (nitrates)  of  copper, 
manganese,  and  silver ;  but  he  found  that  gold,  silver,  bismuth,  antimony, 
arsenic,  tin,  chromium,  iron,  nickel,  cobalt,  zinc,  and  cadmium  had  no  effect, 
and  that  lead,  aluminium,  palladium,  and  platinum  acted  only  to  a  very 
slight  degree.  This  statement  of  the  case  is  somewhat  misleading.  The 
fact  of  the  matter  is,  that  in  no  case  do  the  metals,  as  suck^  affect  india 
rubber;  but  already  the  sulphides  of  some  of  them — notably  cupric  sulphide, 
the  oxides  of  gold,  silver,  tin  (stannic),  arsenic,  nickel,  cobalt,  manganese, 
palladium,  and  platinum — have  a  more  or  less  marked  effect,  which  is 
greatly  intensified  in  their  salts,  particularly  such  of  them  as  are  soluble 
in  water  and  which  act  as  oxygen  carriers.  It  is,  indeed,  highly  probable 
that  the  supposed  action  of  the  sulphides,  as  of  some  of  the  oxides,  only 
begins  with  their  transformation  into  salts  under  the  influence  of  an 
impure  atmosphere.  This,  indeed,  would  account  for  the  fact  that  copper 
in  waterproof  cloth  acts  far  more  energetically  in  cold  cured  goods  than  in 
those  cured  by  the  *  dry  heat  *  process.  The  obvious  reason  appears  to  be 
that  the  hydrochloric  acid  vapours,  which  unavoidably  accompany  the  first 
named  vulcanising  process,  convert  the  copper,  or  rather  its  oxide,  into 
the  chloride,  one  of  the  most  energetic  oxygen  carriers.  In  dry  cured 
goods  cupric  sulphide  would  be  formed,  which  would  only  very  slowly 
undergo  oxidation  into  the  much  more  active  sulphate.  Accordingly,  we 
"  Jomn.  8oe.  Chem.  Ind.  «  Proc  Lit.  PkU.  Soe.  of  Mavehester,  1890-91. 
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would  havv  to  awoiM^  tt  »  gonara)  vuU,  UmiI  meUlUo 
much  aiore  to  bo  gimrdtd  AgaiiMl  in  oold  eurad  Umo  fai  bol 
Thb  ii  in  parfeoi  agroaaitnt  with  all  oar  piaotionl  eiporteeiL 

It  M  thoroforo  orident  that  tho  amplojuiant  of  •▼•o  tin  or 
liutros  for  the  ornamanlation  of  oold  onrod  goods  oallo  for  groat  earo  in 
the  worliing  if  thoroughlj  latiofbolory  raralU  aro  lo  be  ononrod.  For  hoi 
cured  goodo  otoq  theoo  motak  oannot  bo  uood,  ao  thojr  aro  oonridorably 
tamtahed  bj  the  eulphiir  Tapourt.  Thta  ie  oolf-orideot  aa  r^guda  tin 
lustro%  but  might  appear  uninteUi^^iblo  in  the  oaae  of  aluminium.  Tbo 
oxplanation  ia  to  be  found  in  the  fact  that  commeroial  aluminium  alvajra 
oontaina  traooa  of  iron,  tho  oonTordon  of  which  into  forrooo  onlphido  oaooao 
Iho  dulloning  of  the  aluminium  luatro. 

The  brillianoe  of  theoo  motallio  luitree  Tariea  appreoiablj  with  the  fine- 
neoiof  tho  motallioflakooi  and  ia  the  greater,  the  huger  tlioooflakea.  Itialor 
thia  reaaon  nooeowity  to  eiamino  theoo  odoura  mioroooopioaUj  in  order  lo 
aooortain  whether  thej  are  of  the  finoneos  requisite  for  the  rarioua  mothndi 
employed  for  their  appUoatkm  to  india  rubbcn*. 

The  Dyeing  of  India  Rubber  with  Soluble  Dyet. 

It  ia  perhapa  ooaroely  surprising  tliat  the  very  large  number  of  ocganio 
natural  and  artificial  dye^tufla  should  have  stimuUtod  would-bo  invontofi 
to  apply  theoo  to  india  rubber.  A  great  many  of  the  splendid  so-called  aniline 
dyes  have  been  tried,  their  intensity  and  brilliancy  appearing  highly 
suitable  for  tho  purpooe. 

It  may  at  once  be  stated  that  the  idea  of  utilising  these  produels  for 
the  dyeing  of  india  rubber,  as  distinguished  from  staining,  suiTen  from  a 
fundamental  misoouoeption,  or,  rather,  complete  ignonuuwb  of  tlie  naloro  of 
the  dyeing  prooeos — at  any  rate  with  tho  aboro  named  dyoa. 

The  dyeing  of  animal  or  vegetable  fibres  with  theee  dye^toffi  is  a 
function  of  the  chemical  conatatution  of  both  the  fibre  to  be  dyed  and  tho 
dye,  and  the  constitution  of  either  determineo  tho  nature  of  the  dyeing 
proceea.  We  find,  on  tho  one  hand,  that  any  fibre  to  be  oapable  of  being 
dyed  must  contain  either  hydroxyl  groups — OH,  carboxyl  groupa— OOOH, 
or  amido  groups —NH,  or  a  combination  of  all  three.  On  the  other  hand, 
wo  alao  know  that  a  substance  not  oontaiuing  any  of  theoo  gnmpo  oannoi  bo 
employed  aa  a  dyo-stufi*,  although  it  may  posBoss  a  strong  bright  oolour. 

Tho  oaae  of  diaso-bensono  C^H^N :  NC«H^  is  a  vory  Csmiliar  illoetration 
of  theoo  Ibeta.  This  body  ia  a  fine  ooarlet  oolour,  but,  in  opite  of  thi%  heo 
no  dyeing  proportioo  whatevor.  By  introducing  into  one  of  two  benoono 
rings  either  the  amido  group  or  the  hydroxyl  group— CSfH|N  :  NCgH^KH^ 
or  C^H^N :  NC^H^OU— wo  obtain  at  once  proooonoed  colouring  msttow.* 


>  Adsteil«lsoo«uitof  thseb«kdth«if7of  dyiiagietabafceBd  iaths 
pAper— *'0n  Sabttsativt  Djm  and  Sabftuitive  Dgr«ii«s  aOnlribolioa  to  IheTheoix 
of  I>yeiog,'*/<Nira.  Sk.  Om.  iM..  18»l.  ^  190i 
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From  these  few  remarks  it  follows  conclusively  that  a  djcing  of  the 
India  rubber — ».«.,  the  formation  of  a  salt-like  compound  of  india  rubber  and 
either  a  dye-aoid  or  a  dye-base — is  an  impossibility,  india  rubber  containing 
neither  hydroxyl,  nor  carboxyl  oxygen,  nor  amido  grou|)8.  It  might,  of 
course,  be  objected  that  this  would  still  leave  open  the  question  of  the 
poasibility  of  dyeing  india  rubber  with  the  mordant  dyes— basic  dyes  on 
tannin  mordant,  alizarine  on  alumina  mordant — but  the  fixing  of  a  mor- 
dant upou  the  textile  fibres  iuvolves,  on  the  part  of  the  fibre  substance,  just 
the  same  chemical  conditions  as  the  fixing  of  the  dyes  direct  without 
mordants.  The  best  result  which  could  be  obtained  on  rubber  with  this 
class  of  dyes  would  be  by  distributing  a  suitable  mordant  uniformly 
throughout  the  india  rubber,  and  then  dyeing  the  latter  with  the  corre- 
sponding mordant  dye.  But  the  result,  assuming  such  a  process  to  be 
practicable,  would  be  none  other  than  the  one  far  easier  and  incomparably 
better  attainable — by  simply  compounding  the  rubber  with  a  pigment  lake 
consisting  of  the  particular  mordant  and  dye. 

Even  if  we  would  waive  all  these  weighty  chemical  objections,  there 
remains  the  serious  diflficulty  of  rendering  the  india  rubber  permeable  to 
the  dyeing  solution,  in  which  water  would  have  to  be  employed.  Dyeing 
in  any  other  (non-ionisable)  solvent  is  clearly  impossible,  and  not  only  dis- 
advantageous as  Markpeldt  ^  suggests. 

There  are  on  the  market  a  considerable  number  of  dye-stuffs  which  are 
soluble  in  turpentine,  benzene,  and  petroleum  hydrocarbons.  They  are 
offered  under  a  variety  of  names,  and  consist  either  of  the  stearates  of  the 
basic  dyes,  or  of  the  aluminium  resinate  lakes  of  basic  or  acid  dyes.  For 
any  process  of  dyeing,  in  the  legitimate  sense  of  this  word,  these  products 
are  quite  unsuitable — indeed,  they  are  no  longer  dyes,  but  simply  lake 
pigments  soluble  in  certain  organic  solvents,  and  for  this  reason  they  do 
not  dye,  but  only  stain.  They  impart  to  rubber  a  characteristic  colour 
only  if  it  is  heavily  charged  with  white  pigments,  or  when  it  is  manu- 
factured into  extremely  thin,  and  therefore  highly  transparent,  films. 
Indeed,  these  products  are  satisfactory  only  for  the  manufacture  of  stained 
toy  balloons  and  similar  articles. 

Markpeldt  actually  advocates  the  use  of  these  products  for  the 
colouring  of  india  rubber  for  waterproofing.  The  adoption  of  this  suggestion 
would  most  certainly  prove  disastrous  to  the  manufacturer,  as  all  these 
colours  after  vulcanisation'  are  more  or  less  liable  to  *  bleed.'  Altogether 
it  may  safely  be  said  that  the  aniline  dyes  and  the  above  named  '  soluble 
lakes '  c!.re  useless  for  dyeing  india  rubber,  and  only  of  very  limited  use  for 
staining  it. 

>  Gummi  Zeitung  [16],  1900,  p.  244. 

'  Only  the  cold  core  procesa  could  at  all  be  used. 
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Tub  applications  of  India  rubber  aro  to  axtnoitlinarilj  oi 
▼ariod  that  it  it  toaroeljr  poaublo  to  name  a  tingle  tubsUnoe  need  la  the 
arte  and  industries  whiob,  in  some  form  or  ocber,  does  not  find  emplojmeot 
as  a  oonstruotiTe  component  of  one  of  the  slmoet  innnmarable  India  rubber 
articles.  I  do  not  propose  to  attempt  in  this  chapter  to  diwiiM  all  the 
numerous  substances  which  are  associated  in  mannhmlnfiBg  proessssi  vHk 
india  rubber,  but  to  deal  with  a  few  onl j  of  these  moat  ntemlTelj  emplojed. 
Undoubtedlj  the  most  important  of  these  substances  are  the  teitlle  fabtka 
which  are  Terj  generallj  oMd  either  •■  '  ineertioos '  to  gi? a  alNagth  lo^ 
or  limit  the  distensibUitj  of^  sheets,  hose,  boots  end  shoes,  eie^  or  tinplj 
to  produce  the  various  kinds  of  waterproof  goods  in  which  the  doth  la  the 
reallj  important  part,  the  india  rubber  coataog  being  meralj  ao  scowsoij 
imparting  to  the  cloth  the  waterproof  quality. 

The  textile  fabrics  used  for  oonstmc^Te  purpoees  proper  are  fsbries 
oonsisting  of  cotton,  jute,  or  hemp,  Tcry  rarelj  wool,  and  these  fsbries  are 
need  almost  exdusiTelj  in  the  'grej'  state.  For  waterprooAa^  ooHon, 
wool,  silk,  and  mixed  fabrics  are  used,  which,  according  to  the  pofpoee  far 
which  the  cloth  is  intended,  are  emplojed  in  the  'grej '  state,  bat  in  most 
oases  dyed  or  printed. 

The  tesU  to  which  these  fabrlos  should  be  snljeeted  before  use  vary, 
therefore,  considerably  according  to  the  use  to  whiob  they  are  to  be  pat» 
Generally  speaking,  the  textile  materials  employed  for  insertions  and 
stiffeningi  need  only  be  tested  for  strength  before  and  after  niponnre  to 
vulcanising  temperstnres ;  whereas  the  fobrioi  intended  for  tba  i 
of  waterproof  cloths  require  also  examining  for  fsstness  of 
as  for  the  abeooce  of  ingredients  which  are  like^  to  afleol  the 
coating. 

BmntontioQ  of  TeztOa  Fabriot.^InsertiQn  elothe  are  invariably  ossd 
with  a  view  to  strsngtheD  the  article  to  be  manofoetnred,  and  to  rsdnee  Ita 
distensibility  withoni  destn^ytng  lea  flexibility.  The  enplqym«i»  ol 
'  insertions '  in  steam  sheeting,  prsBBorsb  and  eiiotkm  tnbing,  eto.,  I 
illbstrsto  this.  The  nmge  of  fabrios  employed  for  this  purpose 
Tsiy  line  *Gsntoiis'  to  the  coarssit  'duoksb'  *twills»'  and 
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The  strength  of  these  fabrics  is  tested  by  means  of  a  cloth  testing 
machine,  of  which  fig.  18  is  ao  excellent  type.  It  consists  of  a  bed  a,  in 
which  slide  the  two  jaws  b  and  e.  Of  these,  b  is  connected  with  the  weight- 
ing layer  d  and  registering  dial  e.  Through  the  lower  part  of  c  passes  the 
travelliog  screw/,  which  can  be  operated  by  the  wheel  g.  The  weighting 
lever  is  provided  with  catches  h,  which  at  any  point  engage  in  the  notches 
of  the  semicircle  t .  Any  pull  on  b  sets  the  weight,  and  with  it  the  lever 
d,  into  motion  ;  but  on  roleasiug  the  pull — i.e,,  on  the  material  under  test 
breaking — the  weight  is  prevented  from  falling  back  by  the  catches  of  the 
lever  engaging  in  the  notches  of  the  semicircle,  and  as  the  lever  eictuatcs 


Fio.  18. — Cloth  teeting  machine. 


the  indicating  dial,  the  index  finger  of  the  latter  remains  stationary  at  the 
point  where  the  break  occurred. 

For  the  purpose  of  determining  the  distension  of  the  material  under  test 
at  any  point,  or  at  its  break,  the  scale  k  is  attached  to  the  jaw  5,  which 
slides  upon  the  bed  a.  Jaw  c  carries  a  pointer  /,  which  determines  the 
exact  length  of  the  material  under  test  between  the  jaws. 

It  is  advisable  to  carry  out  all  tests  with  test  pieces  of  the  same 
dimension,  so  as  to  obtain  all  round  comparable  results.  For  English 
practice  it  will  generally  be  found  most  satisfactory  to  adopt  the  dimensions 
prescribed  in  the  War  OflSce  and  Admiralty  specifications  issued  with  their 
forms  for  tender,  viz.  : — 

The  test  should  always  be  applied  both  in  the  direction  of  the  warp 
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in  ihfti  ol  the  woft  of  miek  oloth.  It  k  forthar  Twy  ImpoHuil  to 
repett  this  tMt  with  two  ptooos  of  tho  huim  MapU  wUdi  har*  Imb 
eipotid  to  Tuloaoittiig  eooditioiiti  which,  ••  rt^Mdt  tMipanitniv  and  tioM^ 
are  as  nearlj  aa  poaaible  alike  to  thoaa  aobaaquaotlj  to  be  obeenred  ia  tha 
Iketory.  Id  a  Taiy  large  number  of  eaaea  a  traatmeoi  ci  the  aimplea 
at  ISfi*  C.  for  two  hoon  will  be  quite  euflloient  The  following  table 
giTaa  tha  raaulta  of  a  few  teaU  obtained  with  variooa  deaeriptknia  of  eldha, 
tha  taata  baiog  tdralated  in  tha  maniMr  adoptad  I7  tha  aothor :— 


tImuiflimqfOktiL 

Air  Dry. 

AfUrBmUmi. 

UiJm1m§, 

W^ 

Wilt 

Wtip. 

Wilt 

wtn^ 

Wdt 

HtiriMi  laMTtioa,     . 

H«TT  Daok, 
LiffbtCWinbric. 
Cotton  FuMutu. 

oiori*8nk/'   .     . 

Ibt. 
480 
980 
890 
148 

94 
108 

08 
180 

Ibt. 
897 
378 
811 
148 

88 

80 

91 

89 
1 

Ibt. 
880 

S71 

801 

189 

71 

97 

90 

111 

Ibc 
899 

379 
808 
198 
83 
71 
89 
74 

'•ir 

8 

8 

9 
94 
10 

9 
14 

|i«Mat 

13 

38 

DdtTmhuaion  of  Shrinkage.-^Thti  determinatioir  of  tho  ahrinkaga  of 
the  fahrioa  need  both  for  insert ioua  and  fur  the  manaf«otiir»  of  waterproof 
tiaeuee  will  not  infrequently  be  found  of  valuo.  It  ie  carried  out  by  pour- 
ing hot  water  over  a  piece  of  cloth,  the  length  and  width  of  which  have 
been  accurately  measured,  leaving  it  immersed  oremight^  and  drying  it 
afterwards  at  a  moderate  temperature  without  stretching.  Tha  rssoltiag 
deoreaae  in  length  and  width  givea  the  shrinkage,  which  is  nsoally  aspreasad 
in  percentages.  Shrinkages  up  to  6  per  cent  in  either  direotiao  aiw 
generally  found  to  be  unobjeetaooable.  The  ahrinkaga  of  oottoo  goods  Is 
generally  below,  that  of  unions  or  woollens  above,  this  figora.  In  ymj  low 
daas  woollen  fabrics  the  shrinkage  is  frequently  very  considerable. 

DeUrmmaHoH  of  ihe  Dnmng. — It  is  quite  obvknis  that  the  ptaasuos  of 
a  Urge  amoont  of  dressing  or  siting  materials  in  fabrica  to  be  oasd  aithar 
aa  in  insertions  or  for  the  manufacture  of  waterproof  goods  is  objeottooabla, 
aa  these  materials,  without  exception,  tend  to  interfere  with  the  adhssioB  of 
the  india  rubber  to  the  fabrics. 

In  fabrics  to  be  used  for  insertions,  no  drtmrng,  mdm^  oit  Jtttimg  v^tmkX 
of  any  description  should  be  allowed.  In  the  varioos  deacriptioiis  of  fishries 
used  for  the  manufacture  of  waterproof  doth,  the  '  finish '  of  tha  latter  ia 
often  a  matter  of  aome  Importance.  In  many  caaea  it  can  be  ohtainad  only 
by  the  aid  of  foreign  materials,  and  no  bard  and  £tst  rules  can  ha  laid  down 
aa  to  what  materiala  and  what  quantitlea  should  be  pamslttad. 

Cotton  goods  are  generally  drsassd  wHh  flour,  starsh,  and  aimilar 
materiala,  often  with  additions  of  glna,  gslaline,  tallow,  aoap.  paraffin  « ax, 
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Bine  clilorido.  and  mairncsium  chloride.     China  clay,  glycerine,  gluoose,  and 
KpHoni  salt  are  used  for  weighting. 

Woollen  goods  are  dressed  with  Carraghen  moss,  gelatine,  glue,  dextrin, 
starch,  albumen,  and  sodium  silicate. 

Silk  finishes  very  commonly  contain  flea- wort,  tragacanth,  shellac,  and 
gelatine. 

In  examining  a  given  fabric  for  the  presence  of  dressing  or  filling 
materials,  no  detailed  analysis  is  required.  For  the  purpose  of  the  rubber 
manufacturer  it  is  therefore  quite  sufficient  to  first  dry  a  weighed  piece  of 
the  cloth  to  be  examined  in  a  water  oven  for  a  period  of  at  least  two  hours, 
and  ascertain  the  loss  of  moisture  by  weighing.  It  is,  perhaps,  needless  to 
point  out  that  the  weighings  must  be  performed  in  tightly  stoppered  glass 
vessels. 

The  dried  fabric  is  then  thorou^'hly  well  washed  in  boiling  water,  the 
fingers  being  used  to  rub  and  knead  every  part  of  the  sample.  This  wash- 
ing process  is  repeated  in  several  changes  of  hot  water.  The  washed  piece 
is  then  wrung  out  and  dried  in  the  water  oven  until  the  weight  ceases  to 
sensibly  decrease.  The  loss  in  weight  is  due  to  tlie  presence  of  extraneous 
matter. 

There  is  only  one  constituent,  very  commonly  occurring  in  textile 
fabrics  of  every  description,  the  amount  of  which  is  in  every  case 
determined  by  a  special  test.  This  constituent  is  tallow^  or  fatty  substances 
in  general,  an  excessive  amount  of  which  is  considered  to  affect  the  india 
rubber  very  injuriously,  although,  in  my  own  opinion,  this  danger  has 
been  much  exaggerated. 

The  determination  of  the  percentage  of  fatty  matter  contained  in  a  given 
sample  of  cloth  is  carried  out  by  first  drying  it  in  a  water  oven  for  at  least 
two  hours.  The  weight  of  the  dry  cloth  being  ascertained,  the  latter  is 
transferred  to  a  Soxhlet  extractor  and  extracted  with  ether  or  acetone, 
the  extract  being  collected  in  a  weighed  flask.  After  extraction  the 
solvent  is  distilled  off  in  a  water  bath,  the  flask  containing  the  fatty  extract 
dried  for  thirty  minutes  at  90°  C,  and  subsequently  weighed. 

An  amount  of  *  fatty  extract '  not  exceeding  2  per  cent  of  the  weight 
of  the  dried  cloth  is  accepted  by  the  rubber  manufacturer  as  involving 
no  risk  to  his  production.  This,  however,  should  not  be  relied  upon 
too  much  by  the  chemist,  for  while  on  the  one  hand,  given  favourable 
conditions,  this  allowance  might  be,  without  risk,  considerably  increased, 
there  is,  on  the  other  hand,  no  doubt  that  much  less  than  this  amount  may 
seriously  affect  the  india  rubber,  should  the  cloth  at  the  same  time  contain 
slight  quantities  of  copper  or  manganese.  Even  certain  dyes,  notably 
Bismarck  brown,  will,  in  the  presence  of  very  small  quantities  of  '  grease,' 
affect  the  india  rubber  very  seriously,  although  in  the  absence  of  any  fatty 
matter  no  perceptible  action  would  have  taken  place.  Nor  should  the  fact 
be  overlooked  that  different  kinds  of  *  fatty  matter  *  differ  very  markedly 
in  their  action  upon  india  rubber.     In  this  respect  it  may  be  stated  that 
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th«  more  pranoaoeed  (be  tiodeoej  of  a  tmUj  inbrtMnco  lovmnls 
Unooui  bjtlroljrBU^in  otbor  vordi,  to  turn  randd— Um 
iU  aotioa  upon  indU  rubber. 

RmtMnatitm  qf  th§  Dym, — Tbeee  UitUe  Ikbriei  wbieb  ere  emplojed  in 
Ibe  dyed  aute,  at  ie  ibe  eeee  vitb  tbe  Ytet  nuijarity  of  tbe  etoUie  need  for 
tbe  manufeoture  of  waterproof  olotb,  must  alvajt  be  mbjeeted  to  an 
eiaminalioo  reepectiog  tbe  fcitneM  of  tbe  eoloor  and  of  tbe  motdaale  oeed 
in  eoDJunotkm  witb  tbo  Utter. 

Aooording  to  tbe  oondlUona  to  which  waterproof  elolb  ie  sobjeeled  fai 
ito  ultimate  uae,  it  ie  OYident  that  tbe  gMtneet  of  tbe  dje  to  rain, 
mud,  and  dust  ia  eneotiaL 

Fattneu  to  Rain. — The  obvious  test  might  sppear  to  eoosiet  in 
ing  the  behaviour  of  the  dje  in  the  oouree  of  ssTeral  boors'  iomMnion  in 
oold  distilled  water,  when  the  Utter  should  onljr  be  Tory  sligbtJj  das- 
ooloured.  No  doubt,  if  all  waterproof  cloth  were  worn  in  tbe  open  oountiy 
oqIj,  this  test  might  be  considered  fairly  satisfaotory,  but  tbe  rain  falling 
in  Urge  towns  differs  greatly  from  dUtilled  water.  Amongst  tbe  impurities 
sulphurous  acid  stands  prominent,  and  although  rain  water  contaminated 
witb  this  add  does  not  appear  to  perceptibly  eohanoe  tbe  tendency  of  dyes 
to  'bleed,'  its  efieot  upon  a  considerable  number  of  dyes  is^  aeyerfbelsss, 
Tery  pronounced. 

I  prefer,  therefore,  to  test  the  cloth  by  immersing  part  of  a  strip  of  it 
in  a  0*05  per  oent  solution  of  sulphurous  acid  in  water,  wringing  oat^  and 
drying  at  a  moderate  temperature.  By  comparing  tbe  change  tbersby 
produced  on  tbe  immersed  part  of  tbe  strip  witb  tbe  untreated  part« 
much  more  satisUctory  information  is  gained  respecting  tbe  behaviour  of 
tbe  cloth  in  rain  than  by  the  distilled  water  test. 

It  is  impossible  to  state  definitely  what  degree  of  dleeolofalioii  pro- 
duced in  the  above  test  should  be  obtained  to  justify  tbe  rejection  of  any 
given  sample  for  waterproofing  purpoees.  The  judgment  required  lor  this 
purpose  can  only  be  obtained  by  prsotical  experienoe.  As  a  general  state- 
ment, it  may  be  said  that  any  stain  developed  in  this  test  beoomas  tbe 
more  objectionable,  the  greater  tbe  difference  between  tbe  shade  of  tbe 
stain  and  that  of  the  cloth.  Beduetion  of  tbe  intensity  of  the  sbadsb  at 
any  rate  within  certain  limits,  is  therefore  much  less  objeetionable  than 
tbe  production  of  a  stain  of  a  different  colour. 

Hmdanee  to  Sirmi  Mud  and  DusL — Tbe  colours  of  vaterpioof  eloaks  are 
often  very  badly  affected  by  street  mud,  more  especially  tliat  of  towns,  which, 
for  many  reasons,  is  always  distinctly  alkaline  (ammonU),  and  invariably 
contains,  besidee  more  or  less  indiflersot  mineml  detritos,  a  grsat  deal  of 
organic  matter,  genendly  in  a  deoompoeed  states  and  also  surprisingiy  Urge 
quantities  of  iron  oxides.  The  Utter  are,  no  doubt,  obiefiy  derived  firoos 
horseshoes,  human  footwear,  vehicle  tiree,  and  tram  raih.  It  will  be 
resdily  understood  thai  a  oomplex  mixture  of  this 
4XkIoura  very  energetieaUy. 
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Undoubtedly  the  most  reliable,  if  not  the  most  elegant,  method  of 
testing  the  fastness  of  the  dye  against  street  mud  would  be  to  treat  the 
cloth  to  be  tested  with  some  typical  specimen  of  street  mud,  allowing  it 
to  dry  on  the  oloth,  subsequently  brushing  it  off  and  observing  the  effect. 
It  is  preferable,  however,  to  have  a  test  solution  which  can  always  be 
obtained  of  the  same  efficiency,  and  in  this  respect  a  2  per  oent.  solution 
of  ammonium  sulphide  answers  very  satisfactorily.  The  best  way  to 
employ  it  is  to  saturate  a  small  part  of  the  cloth  with  the  solution,  and  to 
allow  it  to  dry,  when  its  effect  can  immediately  be  judged.  It  must^ 
however,  be  pointed  out  that  although  in  a  great  many  cases  the  effect  of 
this  reagent  very  closely  simulates  the  action  of  street  mud,  it  docs  not  do 
this  without  some  notable  exceptions.  I  have  particularly  observed  that 
with  all  cloths  mordanted  or  saddened  with  tannic  acid  materials,  the 
difference  is  very  considerable,  the  street  mud  showing  a  much  greater 
effect.  I  believe  this  to  be  due  to  the  presence  in  the  latter  of  iron  oxides, 
or,  rather,  of  soluble  salts  of  iron. 

Examination  of  Mordanting  Materials. — Most  of  the  mordanting 
materials  used  in  the  dyeing  of  textile  fabrics  are  entirely  unobjectionable 
from  the  point  of  view  of  the  rubber  manufacturer.  There  are,  however, 
two  metals,  the  presence  of  which  must  be  carefully  guarded  against: 
manganese  and  copper.  Of  these  two,  manganese  is  now  very  little  used. 
Its  presence  is  readily  detected  by  boiling  a  small  strip  of  the  suspected 
cloth  with  dilute  hydrochloric  acid,  filtering  the  resulting  solution,  adding 
to  it  excess  of  ammonium  chloride  and  ammonia,  and  again  filtering.  On 
adding  to  the  filtrate  hydrogen  peroxide,  the  presence  of  manganese  is 
indicated  by  the  immediate  formation  of  hydrated  manganic  peroxide. 

Copper  occurs  very  frequently  in  dyed  fabrics  of  almost  every 
description,  and  as  extremely  small  quantities  of  this  metal,  or,  rather,  its 
oxides  and  salts,  are  capable  of  detrimentally  affecting  India  rubber,  the 
examination  of  all  dyed  fabrics  for  copper  is  a  matter  of  considerable 
importance.  Enormous  losses  have  frequently  been  caused  by  the  neglect 
of  this  very  simple  precaution. 

With  rare  exceptions  the  quantities  of  copper  to  be  tested  for  are  very 
small,  but  although,  generally  speaking,  almost  any  quantity  of  copper  in 
cloth  intended  for  proofing  is  objectionable,  it  is,  nevertheless,  desirable  to 
ascertain  always  the  amount  present. 

This  is  carried  out  most  expeditiously  by  means  of  a  colori metric  test, 
in  which  the  colour  of  the  amraoniacal  solution  of  the  copper  obtained 
from  a  weighed  quantity  of  the  cloth  is  compared  with  an  aramoniacal 
copper  solution  of  known  strength.  It  is  at  the  outset,  therefore, 
of  considerable  importance  to  prepare  such  an  ammoniacal  standard 
solution,  the  colour  of  which  is  certain  to  keep  unaltered  for  at  least 
twelve  months ;  otherwise,  one  of  the  various  colorimeters,  or  Lovibokd's 
tintometer,  may  be  employed. 

The  colour  scale  is  prepared  as  follows : — About  0*3  grms.  of  pure 
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eopper  foil  are  dlMoUad  in  5  0.0.  of  nitric  add  (I'i  wp.  gr.)  and  5  0.0.  of 
oooeantimtod  •olphuric  aoid.  Thia  aolntion  li  erapofmtad  until  tbo  baafy 
vapoora  of  anlpborio  add  btgin  to  appaar.  Tha  maai  ia  allovad  to  oool, 
dilutad  with  35  ae.  of  vatar  and  enoogfa  ammonia  to  pradoea  a 
blue  •olutioD,  which  ia  then  further  diluted  with  a  mixture  of  one 
of  ammonia  with  lix  Tolamaa  of  watar  until  a  aolatioo  la  obtained 
Ing  0*0005  gnna.  of  eopper  in  1  o.a 

Next,  a  lat  of  eight  oompariaon  tubee  It  eelected  holding  SO  0.0.  of  watar 
without  being  filled  to  more  than  one  half,  and  it  la  eeaential  that  tba 
borea  of  theaa  tnbea  ehonld  be  exaetlj  dmilar.  Thia  la  aaoartafaied  by 
plaeing  them  in  a  teet  tube  stand,  ohargiog  each  of  them  with  SO  &e.  of 
water,  and  aelecting  a  eat  of  eight  of  them  exhibiting  the  aame  hdghi  of  water 
oolnmn.  Theae  tubea  are  then  oarefullj  waehed,  dried,  and  charged  with 
1,  3,  S,  4,  6,  8,  10,  15,  and  20  c.o.  of  the  iboTe  reepectivelj  cupr- 
Ammonium  eolution,  the  volumea  being  made  up  to  20  cc.  in  erery  oaae 
with  dilute  ammonia  (I  :  6),  and  the  tubea  fioallj  aealed  in  the  blow- pipe 
aa  near  the  top  of  the  solution  aa  poesible.  We  obtain  thus  a  aoale 
oorreeponding  respeotivelj  to  0*005,  0*010,  0O15,  0*020,  0*030,  0*040, 
O-i^SO,  0-075,  0*100  per  cent  of  copper  in  10  grms.  of  substaooe  aesajed. 
Theae  tnbea  should,  of  courae,  be  labelled  oorrespondinglj. 

For  the  subsequent  colour  test,  10  grma.  of  the  cloth  are  ignited  in  a 
porcelain  basin  in  a  muffle  furnace.  The  basin  containing  the  ash  la  then 
allowed  to  cool,  the  aah  carefully  and  completely  tranaferred  to  a  email 
dish,  and  boiled  for  a  few  minutee  with  a  few  cuUe  oentimeirea  of  dilute 
sulphuric  acid  (5  per  cent  HjSO^).  After  addition  of  an  excees  of  strong 
ammonia,  the  liquid  ia  again  boiled  up  and  filtered  into  a  test  tube 
of  as  nearly  the  same  aise  and  calibre  as  thoae  of  the  colour  ecale.  The 
filter  residue  is  washed  with  dilute  ammonia  (1:6)  until  the  total  Tolume 
of  filtrate,  when  cold,  ia  exactly  30  aa  The  preeenoa  of  copper  ia  in- 
dicated by  a  blue  coloration,  and  on  comparing  ita  intenaity  with  that  of 
the  tubee  of  the  scale,  a  &ir  idea  of  the  approximate  quantity  of  copper 
present  is  readily  obtained.  Of  course  no  great  accuracy  can  be  dalmed 
for  this  method,  but  considering  the  amallnesa  of  the  pereentagea  to  be 
teeted  for,  even  a  considerable  percentage  error  on  the  result  la  of  little 
moment. 

It  is  Tcry  rare  that  the  percentage  of  copper  exceeds  0*1  per  cent^  and 
if  it  does,  it  will  only  be  so  much  more  reaaon  for  rejecting  the  particular 
cloth.  Should  it  be  deaired,  howcTer,  to  approximately  estimata  per- 
eentagea aboTc  0*1  per  oent^  thia  can  easily  be  done  by  taking  aliquot 
parte  of  the  oontenta  of  tha  test  tube  diluting  to  SO  aa  with  dilute 
ammonia,  aacertaining  the  peroentage  in  this  diluted  aolutlon  by  means  of 
the  colour  ecale,  and  multiplying  the  reeult  by  the  reciprocal  of  the  aliquot 
part  taken. 

The  experimental  reaulta  quoted  on  page  300  leave  no  doubt  that  any 
doth  containing  above  0*006  per  eent  of  copper  ahould  be  rsjeeted  if  the 
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oloth  is  to  be  used  for  the  manufacture  of  *cold  cured'  textures.  In 
cloths  used  for  the  manufacture  of  *  dry  heat  cured '  goods  O'Ol  per  cent. 
of  copper  may  stifelj  be  admitted. 

Not  infrequently  it  is  stated  that  fabrics  containing  chromic  oxide 
CrjOg  are  liable  to  deleteriously  affect  india  rubber.  This  statement  is, 
however,  devoid  of  any  foundation.  The  oxides,  or  mordants,  capable  of 
destroying  india  rubber  are  oxides  which,  either  as  such,  or  ])articularly  in 
the  state  of  chlorides,  act  as  strong  oxidising  agents  towards  uns:iturated 
hydrocarbons,  being  thereby  transformed  into  subchloridcH  which  are 
readily  reoxidisable  by  atmospheric  oxygen. 

Accordingly  ferric  oxide  might  be  suspected  of  a  similar  detrimental 
lotion,  anti,  indeed,  statements  to  this  effect  have  sometimes  been  made,  but 
I  have  never  been  able  to  observe  such  an  influence.  Of  course  it  is  not 
at  all  impossible  that  under  favourable  conditions  ferric  oxide  might  prove 
capable  of  such  an  action,  and  the  fact  of  this  possibility  should  certainly 
be  borne  in  mind.  Ferric  oxide  mixed  and  vulcanised  together  with 
rubber  is  obviously  likely  to  behave  rather  differently  than  when  the 
oxide  is  only  present  as  a  dyeing  mordant  in  the  cloth. 

Aniline  black  dyed  goods,  in  the  production  of  which  vanadium  salts 
have  been  used,  should  be  carefully  avoided,  the  merest  trace  of  vanadium 
being  capable  of  destroying  the  rubber. 

For  the  detection  of  vanadium,  the  cloth  is  incinerated  in  the  muffle 
furnace,  the  ash  transferred  to  a  porcelain  crucible,  covered  with  a  mixture 
of  equal  parts  of  calcined  sodium  carbonate  and  sulphur,  the  crucible 
covered  with  a  lid  and  heated  until  all  excess  of  sulphur  has  disappeared. 
The  melt  is  dissolved  in  a  small  quantity  of  water,  the  solution  filtered 
and  decomposed  by  the  addition  of  a  slight  excess  of  hydrochloric  acid. 
A  brownish  coloration  of  the  ensuing  sulphur  precipitate  indicates  the 
presence  of  vanadium.  The  suspended  sulphur  is  precipitated  by  shaking 
the  liquid  with  a  small  quantity  of  amorphous  silica,  the  precipitate 
filtered  off,  dried,  burnt  off"  in  a  porcelain  crucible,  fused  with  a  few 
crystals  of  potassium  nitrate,  dissolved  in  water,  acidulated  with  dilute 
nitric  acid,  and  filtered.  If,  on  addition  of  a  few  drops  of  hydrogen  per- 
oxide to  the  filtrate,  a  distinct  pink  coloration  appears,  the  presence  of 
vanadium  is  proved  to  a  certainty. 

Tannic  Acid  Mordants^  which  are  much  employed  in  dyeing,  have  no 
action  upon  india  rubber ;  but  if  employed  for  the  production  of  a  range 
of  light  fawn  or  slate  shades,  they  are  very  apt  to  cause  trouble  in  another 
direction.  Such  cloths,  when  in  wear,  often  develop  numerous  spotty  or 
streaky  stains  of  a  peculiar  dull  maroon  colour.  As  spots,  they  occur 
particularly  at  the  hem  of  the  garments ;  as  streaks,  more  particularly  on 
the  upper  parts.  They  are  caused  by  almost  infinitesimal  traces  of  iron 
coming  in  contact  with  the  cloth.  The  spots  round  the  hem  are  therefore, 
no  doubt,  due  to  the  iron  in  the  street  mud ;  the  streaky  spots  are  caused 
by  water,  which  may  be  contaminated  with  iron  in  a  variety  of  ways 
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TlMte  ttftiiii  Are  extremalj  ontighUj,  and  ooot  th&j  *ppiur 
removad. 

Th«  oqIj  waj  to  avoid  thaw  epoU  it  to  rojaoi  all  fabrtet  of  tho  abort 
deaeriplkm  oootAioing  a  tanoie  aoU  iiiofdant»  and  rinoe  tbo  dkeolofmtioo 
ia  due  to  the  action  of  iroo  lalta  upoo  the  tannio  aoid  motdaott  the  noit 
Mtiilkeioffy  teat  ia  to  bring  upoo  the  eloih  a  amall  drop  of  a  eolntka  of 
1  gnn.  of  ferrooa  aulphate  and  1  grm.  of  ferrio  ehloride  in  1000  cc  of 
water,  and  allow  it  to  dry  upon  a  wator  ovea  Anj  Mrious  dieooloiatioo 
ooourriog  ia  sufficient  juatiflcatiop  for  the  rejection  of  the  doth. 

Amongst  the  more  oommoo  defects  of  india  rubber  watorpraof  doth, 
the  curling  of  the  proofoil  fabrics  is  prubablj  the  most  disagreeable.  li  ia 
often  oonaidered  to  be  due  to  a  shrinlLsgo  of  the  cloth,  but  this  prodoeea 
the  defSaot  known  sa  oocliling.  also  a  rerj  onaightlj  defect  As  a  matter 
of  fact,  the  ciiriing  defect  is  always  due  to  either  a  faulty  composition  of 
the  rubber  mixing  employed  for  the  proofing,  to  a  *  curing '  Uult,  or  to 
■ome  omission  or  commission  in  the  process  of  proofing  {me  page  80S). 
Quite  a  number  of  causes  may  produce  this  defect,  but  the  ennmefatkm 
and  discussion  of  these  is  a  subject  for  a  treatise  on  the  manufsetore  of 
india  rubber  waterproof  cloth,  which  lies  ootaide  the  scope  of  the  present 
work. 


CHAPTER  IX. 

ANALYSIS  OF  INDIA  EUBBEB  ABTIGLES. 

IvDiA  BUBBBB  articles  may  require  investigation  for  a  number  of  reasons : 
we  may  desire  simply  to  ascertain  whether  successively  manufactured 
batches  of  goods,  of  known  composition  and  produced  under  known  con- 
ditions, are  of  uniform  quality,  or  whether  they  are  in  accordance  with  a 
specified  standard ;  or  we  may  desire  to  determine  the  composition  of  an 
article  in  order  to  reproduce  a  similar  product ;  or  we  may  desire  to  ascer- 
tain whether  an  article,  the  composition  of  and  conditions  of  manufacture 
being  unknown,  fulfils  certain  specified  conditions ;  or,  finally,  we  may  re- 
quire to  ascertain  the  causes  responsible  for  an  article  differing  from  a 
given  standard,  or  showing  a  variety  of  manufacturing  defects,  or  imder- 
going  one  or  other  of  the  various  changes  collectively  described  as  *  decom- 
position/ In  all  these  cases  an  analysis  and  general  physical  examination 
will  be  found  of  the  utmost  value. 

In  a  number  of  cases  it  will  be  observed  that  physical  tests  are  the 
quickest  means  of  gaining  the  desired  information.  This  applies  especially 
to  the  control  of  the  production  of  a  factory,  or  to  the  comparison  of  a 
delivery  with  a  standard  sample,  and  we  infer  from  equal  physical  constants 
the  chemical  equality  of  the  sample  tested  with  the  standard.  This  infer- 
ence is  only  admissible  with  very  considerable  limitation;  as  a  general 
statement  it  is  without  any  truth,  and  grossly  misleading.  It  is  all  the 
more  necessary  to  point  this  out,  as  there  are  still  some  people  who  declare 
the  chemical  analysis  of  rubber  goods  as  valueless,  and  advocate  reliance 
upon  the  testimony  of  the  physical  tests  alone.  This  attitude  is  due,  no 
doubt,  partly  to  ignorance  and  inexperience — a  still  greater  part,  however, 
to  the  fact  that  an  India  rubber  analysis  is  at  the  present  moment  capable 
of  satisfactory  interpretation  by  those  only  possessing  a  long  and  exten- 
sive practical  manufacturing  experience.  The  cause  of  this  lies  not  only 
in  the  fact  that  our  chemical  knowledge  of  india  rubber  is  still  very  im- 
perfect, but  also  in  the  circumstance  that  the  physical  conditions  under 
which  an  india  rubber  article  is  produced  affect  its  properties  quite  as 
much  as  does  its  chemical  composition.  We  find,  therefore,  that  although 
articles  produced  with  the  same  materials  and  under  identical  physical 
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oondHioiit  poMMi  the  nne  fhjtiml  aod  obMiiml  ooiiiUat%  it  it,  m  a 
goneiml  prineiplfl^  aqiuUj  ioadmiMibU  to  Infer  from  Um  idmtktj  ol  Um 
pbjidoal  tMta  oT  dUTereol  Mnplet  tMr  cbdmiod  idiotltj,  m  to  pro. 
DouDoe  differtol  MnplM  of  idonUoAl  ebomied  eonpoiitkm  to  bo  pbjiieollj 
identioaL 

The  oooiM  obotoo  tboald  tboreforo  be  edeptad  to  eimeot  pfieHet^  ei^ 
for  eample,  io  tbe  iroo  end  iteel  indnetfy,  wbeve  tbe  pbjirioel  terti  eod 
tbe  ebemicel  eoAljiia  mutoellj  eompleiiieot  eeeb  otber.  Tbie  eouiee 
■bould  reoomroend  itself  all  tbo  more  for  geoenU  edoptkm,  ee  it  it  eqiullj 
■etieftotory  in  tbo  oeee  of  rubber  artielee  ebieflj  sol^ieeied  to  mecrhenieel 
wear,  •■  to  titoae  lubjected  to  obemicel  action,  or  to  meebanioal  and  ebemleal 
action  oombined. 

Of  ooone  tbe  oeoeeaity  of  taking  a  sample  tbrougb  ai)  tbe  pajnrml 
tetti,  and  labjeotlng  it  at  tbe  tame  time  to  a  full  ehemicd  analjtta,  viU 
bardlj  erer  arisen  and  it  ia  Tcrj  aasj  to  decide  in  tbe  caae  of  anj  giren 
•ample  wbat  pbjeloal  teeti  to  epplj»  end  to  wbat  lengtb  to  carry  tbe 
cbemioal  analjila.  In  tbe  rest  majontj  of  oasee,  one  or  two  pbyaicel  teili^ 
and  the  determination  of  two  or  three  of  tbe  obemical  conetitaent%  are 
amply  aufficient  A  full  analyaia  is  practically  only  required  wlien  an 
article  baa  to  be  produced  equal  to  a  sample  of  unknown  compoaitioo,  or  in 
cases  where  tbe  causes  of  the  premature  break-down  or  decay  of  rubber 
goods  have  to  be  luTCstigated.  Under  such  circumstances  tlie  complete 
analysts  may  become  a  rather  protracted  piece  of  work,  but  in  tbe  ibnner 
of  the  abore  mentioned  cases  it  is  a  far  more  rational  proceeding  to  tipend 
a  few  days  of  analytical  work,  instead  of  taking  empirical  and  random 
shots  in  the  factory,  which  are  far  more  expensiTe  and  generally  much  more 
tedious,  and  which  may  or  may  not  be  suocemfuL  In  tbe  inTertigatkm  of 
tbe  causes  of  decay  of  rubber  goods,  all  physical 


(a)  Pbtsioal  Tests  for  MAMurAoruuD  India 

1.  Specific  Gravity.— Time  was  when  the  'specific  gravity  teet'  was 
looked  upon  as  the  meet  reliable  guide  for  judging  tbe  quality  of  a  rubbsr 
article.  The  advent  of  fatty  substitutes,  tbe  increasing  use  of  rmisoae 
and  hydrocarbon  compounds,  of  'ground  waste '  and  reclaimed  rubber,  baa 
rendered  this  constant  at  present  almost  valuelessi  and  tbe  only  infbrsnee 
the  low  specific  gravity  of  a  sample  enablm  us  to  draw  to4ay  is  that  it 
contAins  little  or  no  mineral  matter.  Of  course  this  cooclosioo  dose  not 
imply  that  such  an  article  is  one  of  high  quality,  altboogb  there  is  slill  a 
large  number  of  consumers  who  regard  it  in  this  light,  and  wbo  inaist  upon 
having  the  goods  deliverad  to  tbem  of  'floating  quality.' 

All  india  rubber  articles  contain  more  or  lem  cooaJderable  quantittea  of 
gasea,  chiefly  nitrogen.  It  is  doubtful  whether  these  gases  are  dissolved 
in  the  india  rubber,  tbe  probabilitj  being  that  they  limply  fill  the  poie% 
which  unavoidably  exist  In  maanfttftored  India  rubber,  bnt  which  are^  aa  a 
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rule,  80  minute  aa  to  be  iuvisible  to  the  unaided  eye.  On  account  of  this 
ocoluaion  of  gaaea,  a  rubber  article  possesses  a  real  and  an  apparent  specific 
gravity  ncoording  to  the  conditions  under  which  this  constant  is  determined. 
It  will  further  be  obvious  that  the  apparent  specific  gravity  is  always  the 
lower  of  the  two,  and  also  that  all  admixtures  which  tend  to  increase 
porosity  will  increase  the  difference  between  the  real  and  the  apparent 
specific  gravity.  It  is  therefore  very  commonly  to  be  observed  that  a 
'floating'  rubber  article,  on  careful  examination,  is  found  to  possess  a 
specific  gravity  considerably  above  that  of  water,  so  that  what  keeps  it 
afloat  must  be  evidently  the  buoyancy  due  to  the  presence  of  occluded 


These  very  simple  facts,  while  showing,  on  the  one  hand,  the  comparative 
insignificance,  or  even  worthlessness,  of  the  specific  gravity  test,  show  us, 
at  the  same  time,  the  ratio  between  the  real  and  the  apparent  specific 
gjravity  to  be  a  very  convenient  and  exact  numerical  expression  of  the 
porosity  of  a  rubber  article.  This  fact  has  not  yet  found  the 
practical  recognition  it  deserves,  but  is  thoroughly  well  worth  the  careful 
attention  of  every  rubber  worker.  The  bad  behaviour  of  many  india 
rubber  articles  in  use  will  be  found  to  be  closely  connected  with  their 
porosity,  and  I  may  also  state  that  the  addition  of  small  proportions  of 
various  (chiefly  organic)  substances  to  india  rubber  mixings — additions 
which  frequently  appear  to  be  utterly  worthless  factory  superstitions — in 
reality  serve  the  purpose  of  reducing  porosity. 

I  find  it  convenient  for  practical  purposes  to  express  this  ratio  ^  in  the 
following  terms : — 

p  =   (     real  specific  gravity      _    \  ^^^^^ 
\upparent  specific  gravity        / 

which,  for  an  absolutely  non-porous  rubber,  would  give  /) »  0.  The  factor 
1000  is,  of  course,  introduced  simply  in  order  to  obtain  whole  numbers 
instead  of  fractions  for  p. 

It  will  be  readily  understood  that  in  determining  the  apparent  and  the 
real  specific  g^ravity  respectively,  the  samples  must  be  used  in  such  a  way, 
and  the  tests  carried  out  under  such  conditions,  as  to  ensure  in  the  former 
case  the  retention,  and  in  the  latter  case  the  complete  expulsion,  of  all 
occluded  air. 

The  apparent  specific  gravity  should  be  determined  with  pieces  of  the 
sample  as  large  as  may  conveniently  be  used.  These  pieces  are  floated  in 
water  in  a  beaker  of  suitable  dimensions.  If  the  piece  floats  on  the  sur- 
face, alcohol  is  gradually  added  to  the  water  until  the  test  piece  remains  in 
suspension  at  any  point  in  the  liquid.  The  apparent  specific  gravity  of  the 
sample  is  then  identical  with  the  specific  gravity  of  the  liquid,  which  should 
be  ascertained  by  means  of  a  Mohr's  balance.  If,  on  the  other  hand,  the 
test  piece  sinks  in  the  water,  a  concentrated  solution  of  calcium  chloride  is 
added  until  it  remains  permanently  suspended  at  any  part  of  the  liquid 
mixture.     It  is  scarcely  necessary  to  mention  that  after  every  addition  of 
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eitlMT  aloohol  or  «Ueium  chloride  tolutioii  to  tho  wmUr,  Um  mUters  ihookl 
be  Tigorooil J  itirrad. 

The  red  tpeoific  gmvitj  ihould  aIwaji  be  delemiiied  wttb  IIm  Mmple 
in  M  flue  %  tUto  oloominiDatioo  m  it  it  poeiibla  to  obtain.  Tu  fttt«io  tbii^ 
the  iMnple  ii  ground  between  *  peir  of  eteel  roHera  working  et  dillerant 
ipeede :  a  pair  of  email  ioale  mixing  roUen  («m  fig.  22)  answer  best  for  the 
purpoee.  Where  thete  are  not  available^  working  the  esmple  with  a  very 
ooarM  file  will  often  sopply  suitable  material:  mere  cutting  into  small 
strips  will  not  da 

If  the  sample ooDsists  ohieflj  of  rubU-r  with  hui  luti.-  'or<  i^mi  ;ultliiItarc^ 
the  sample  cannot  be  'orumbed'  by  tiling,  and  even  on  ihe  uLiuve  nmuig 
roUera  it  maj  oocasionallj  refuse  to  break  up,  forming  sheets  insteed. 
These  are,  howerer,  always  very  porous,  aiid  if  they  are  only  thhi  enough, 
cutting  them  into  narrow  stripe  may  bring  them  into  a  sstisfsetofy 
condition  for  testing. 

In  carrying  out  the  test,  an  accurately  weighed  quantity  of  the  tsmplft, 
prepared  as  abore  deecribed,  is  pUoed  in  a  pyknometer,  the  latter  filled  to 
about  three  quarters  with  di8tille<l  water  and  oonneeted  to  an  air  posipu 
The  vacuum  treatment  is  continued  until  all  the  air  has  been  expelled. 
Tlie  pyknometer  is  then  completely  filled  with  distilled  water  prerkmsly 
boiled  and  brought  to  standard  temperature,  and  after  the  inewthiii  of 
the  stopper  it  is  weighed,  and  the  specific  gravity  of  the  mbher  calcuUtcd 
scoording  to  the  well-known  equation : 

^  -  P.  +  P-P, 

P  ^Weight  of  the  substanoe  (robber)  Ukttii. 

Pw"  Weight  of  pyknometer  filled  with  water,  at  tenpMmtiirs  L 

'V  '  Weight  of  pjknometw  filled  with  water  and  mbrtaaee,  at  teai|ieratiire  L 

ii  iH  advisable  to  use,  whenever  poesible,  a  quantity  of  sabstaooe  amount* 
ing  to  at  least  one  quarter  of  the  weight  of  the  water  the  pyknometer  will 
hold.  Perhaps  it  is  scarcely  necessary  to  mention  that  in  determining  the 
*  porosity'  as  above  deecribed,  both  the  apparent  and  the  rsal  qieetfio 
gravity  must  be  determined  at  exactly  the  same  temperatore^  oiherwiee 
serious  errors  may  be  committed. 

It  will  be  found  that  the  porosity  of  manufactured  india  rubber  is 
influenced,  not  only  by  the  quantity  of  the  admixtures — this  is  obvioua— 
but  very  much  also  by  their  nature.  The  eflbcts  of  the  varioos  inorganic 
filling  and  oolouring  materials  show  very  considerable  variations^  and  are 
in  some  cases  very  marked.  The  highest  figures  for  p  are  to  be  found  in 
rubber  charged  with  oonridersble  quantities  of  rubber  sobstitotes,  and 
rsoovered  rubber. 

It  must,  however,  not  be  assumed  that  the  porod^  is  a  kind  of  oonstani 
of  the  various  admixtures.  This  is  by  no  means  tms^  m  the  same  mixing 
proportions  give  very  different  'porosities'  with  diftrsnl  kinds  of  iodk 
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robber.  The  highest  figures  are  always  obtained  with  the  '  driest '  rubber 
qualities,  the  soft  varieties  giving  proportionately  lower  figures. 

The  experienced  rol)ber  technologist  will  therefore  also  readily  perceive 
that  the  porosity  for  the  same  mixing  may  vary  considerably  according  to 
the  time  during  which  the  mixing  is  worked  between  the  rollers.  He  will 
further  see  that  some  of  the  substances  frequently  used  to  shorten  the 
time  required  for  mixing  by  softening  the  rubber  also  reduce  the  porosity 
of  the  mixing.  Altogether,  the  determination  of  p  is  a  test  of  very  wide 
applicability,  and  of  g^reat  utility  in  the  control  of  operations  in  the  factory. 

2.  Mechanical  Tests. — The  extremely  useful  tests  known  as  the  *  tensile 
strength '  and  the  *  elongation  *  test  are  carried  out  on  a  machine  of  exactly 
the  same  construction  as  the  one  shown  on  page  216.  The  indicator  scale 
should,  however,  be  so  arranged  that  it  stands  ut  zero,  when  the  two  jaws 
are  exactly  one  inch  distant  from  each  other,  so  as  to  allow  sufficient  space 
for  the  often  very  considerable  elongation  of  the  test  pieces. 

For  the  controlling  of  the  production  of  a  rubber  factory  by  means  of 
these  tests,  it  is  advisable  to  use  a  machine  giving  readings  from  four  to 
five  pounds  up  to  three  or  four  hundred  pounds  of  tensile  strength.  On 
such  a  machine  readings  from  pound  to  pound  are  easily  taken,  and  this 
is  quite  accurate  enough,  providing  the  test  pieces  employed  are  of  such 
dimensions  as  to  give  a  total  minimum  reading  of  not  less  than  a  hundred 
pounds.  There  is,  in  the  vast  majority  of  cases,  scarcely  ever  any  difficulty 
in  fulfilling  this  condition.  This  applies  likewise  to  series  of  test  pieces 
prepared  for  the  study,  either  of  the  influence  of  different  vulcanising 
conditions  upon  the  physical  constants  of  a  given  mixing,  or  of  the  influence 
of  different  admixtures  under  identical  vulcanising  conditions. 

Hbinzbrling  and  Pahl,  in  their  elaborate  tables  (see  pages  164-173), 
express  the  tensile  strength  in  reference  to  test  pieces  of  one  square  milli- 
metre section  and  hundred  millimetres'  length.  I  take  it  that  their  data 
were  not  obtained  from  the  examination  of  test  pieces  of  this  dimension, 
but  were  subsequently  arrived  at  by  calculation.  This,  of  course,  can  be 
done  on  the  assumption  that  the  tensile  strength  varies  as  the  sectional 
area  of  the  test  pieces,  but  that  the  elongation  at  break  is  independent  of 
the  dimensions  of  the  test  piece,  and  stands  for  the  same  mixing,  cured 
under  identical  conditions,  in  a  constant  ratio  to  the  length  actually  under 
test.  As  a  general  statement,  these  assumptions  are  approximately  true, 
but  the  approximation  in  the  case  of  India  rubber  is  none  too  close.  As  a 
matter  of  fact,  according  to  my  own  observations,  the  tensile  strength 
increases  in  the  case  of  india  rubber  at  a  slightly  higher  rate  than  the 
sectional  area,  and  likewise  I  have  found  that  the  elongation  or  distensibility 
slightly  decreases  with  an  increasing  cross  section. 

Nor  is  the  mere  statement  of  the  tensile  strength  and  elongation  at 
break  altogether  a  full  statement  of  the  physical  behaviour  of  a  test  piece 
under  an  increasing  stress.  A  far  more  instructive  way  of  showing  the 
comportment  of  the  test  pieces  is  to  measure  the  stress  applied  for  a  number 


A.NAl.Ydl8  OF   INDIA   RUBBIR  AKT1CLB8.  239 


of  woetwif  md  tpowrif  ttomttioM,  •nd  plot  tlMdaUtbiMobCalntdfai 
Ibe  nuumtr  ahovn  bj  Um  ourro  tradngt  in  %.  M.  It  will  U  ttao  at  a 
gUoM  how  mneh  mora  npnmir^  ars  Umm  oorrw  tluui  iiMralj  Um  two 
figurvt  aboYo  referred  to. 

3.  Dry  and  Moiit  Heat  Teat— Tbeae  teeli  are  made  bj  aipoeiiif  Um 
lamplee  for  ooe  hour  to  a  *dry  heat'  tomperature  of  370*  F.,  and  for  Uwee 
home  to  a  'moiet  heat'  temperature  of  S30*  C.>  The  dry  heat  teat  ia 
eimplj  carried  out  in  an  air  bath ;  for  the  moiet  heat  teet  a  dJgeeter  le 
required,  which  ehoold  be  provided  with  a  preeeure  gauge  and  thennomater 
tube  (fig.  i). 

Thb  teet  ie  obTioualj  of  eoma  importanee  in  the  tramhiafion  of  ivbber 
goode  which  are  to  be  ezpoeed  to  heat  or  high  pceamre  eteam,  and  it  ia 
generulljr  suppoeed  to  fumiah  clear  indicatione  aa  to  the  preeencie  d  hUj 
eubetitutee  in  the  india  rubber.  Thia,  within  certain  limitaUoae^  ia  triM 
of  the  moiet  heat  teet,  but  a  detorioration  of  a  eample  in  the  dry  lieat  teet 
may  be  due  to  quite  a  rarietj  of  caueee,  amonf^et  wliich  the  |irweenee  of  a 
oooeiderable  exoeee  of  eulphur  should  partioularlj  be  mentiooed. 

While  it  is  not  to  be  denied  that  teste  of  thie  description  may  fumieh 
indicaUone  aa  to  the  behaviour  of  an  india  rubber  eample  under  working 
oooditioQii  I  atrongly  hold  that  the  indiscriminate  application  d  theee  teela 
to  all  olaaeee  of  rubber  goods  is  often  likely  to  be  mischieTons  and  mia- 
leading  when,  as  is  often  the  case,  it  imposee  upon  rubber  gooda  teat 
conditions  which  bear  no  relation  to  the  conditioaa  under  which  the  gooda 
are  uaed. 

4.  Sunonttking  Teat— This  teet  doee  not,  strioUy  speaking,  fall  under 
the  heading  of  physioal  teeta,  but  it  finds,  nevertheleei,  a  anitahU  plaee  in 
thia  oooneotion. 

The  liability  of  india  rubber  goods  of  Tariooa  deeeriplkm%  hot  mora 
particularly  tire  covers,  to  develop^  often  to  a  very  diesgreeable  degree,  the 
defect  known  as  suncraoking,  is  very  generally  reoognieed.  It  ia  the 
result  of  the  oxidation  of  the  india  rubber  by  the  atmoapbera.  The  term 
'suncraoking  *  might  therefore  appear,  to  be  a  misnomer,  but,  aa  a  matter 
of  fact,  it  emphasisee  veiy  expreasiTely  the  marked  haatentng  of  Uiia 
oxklation  under  the  influenoa  of  direot  sunlight 

To  teet  the  liability  of  any  given  sample  of  india  rubber  to  suneiaoking^ 
the  meet  satisfactory  way  would  appear  to  be  to  expoee  the  eample  to  the 
sun's  rays  for  a  certain  period,  perfaapa  together  with  aoma  atandaid 
sample.  This,  of  coarse,  renders  the  teet  dependent  upon  the  wialbar  and 
eeaaon,  and  at  beet  is  a  very  tedious  prooem,  ao  that  it  ia  of  eon 
to  have  a  more  controllable  teet  for  thia  purpoaa. 

Suneraeking  beings  aa  above  stated,  due  to  oiidatJon,  the  naa  of 
form  of  oxygen  more  aotive  than  atmoapberio  oxygen  at  once* 
itaelf.    Hence,  no  doubt,  the  repeatedly  mada  iiiggaitinn  to  expoae  the 
india  rubber  to  the  action  of  oaona.    Hie  energaUo  aetioo  of  oaooa  opoo 
>  Tb«M  two  tails  M«eolketiv«lyk»awaasllM*AdiiiinltyTHt* 


230  INDIA    RUBBER    AND   ITS    ANALYSIS. 

iudia  rubber  is  well  known,  but  it  i-  iv  n  m.  1  .^  •  i-y  to  nmilarly  obtain 
a  gas  of  the  same  oonceiitration,  ^i  !  si  ;;  ;ln^  ilu  i.-nlte  obtained 
would  be  almost  worthless. 

Of  the  numerous  oxidising  agents,  nitric  acid  could  not  be  used,  as  it 
uot  onlj  oxidises  iudia  rubber,  but  also  forms  nitro  and  nitroso  compounds 
with  it.  There  is  no  such  objection  in  the  case  of  cliromic  acid  and  the 
alkaline  ohromates  and  permanganates,  but  the  aqueous  solutions  in 
whioh  these  have  to  be  employed  preclude  any  but  the  merest  surface 
action.  This  also  applies  to  aqueous  solutions  of  hydrogen  peroxide.  It 
has  been  stated  that  an  ethereal  solution  of  hydrogen  peroxide  has  a  strong 
action  upon  india  rubber,  converting  it  completely  into  a  resinous  mass 
soluble  in  aloohoL  Unfortunately,  however,  this  statement  appears  to  be 
devoid  of  foundation — at  least,  I  have  never  observed  any  action  whatever 
of  either  dilute  or  concentrated  ethereal  solutions  of  hydrogen  peroxide 
upon  india  rubber. 

Some  years  ago  Wolppbnstein  ^  described  an  acetone  peroxide 
[(CH,)j.COj"|j  obtained  by  the  action  of  hydrogen  peroxide  upon  acetone. 
This  compound  dissolved  in  benzene  readily  attacks  india  rubber.  In  the 
dry  state  it  is,  however,  highly  explosive,  and  I  prefer,  therefore,  not  to 
isolate  it,  but  to  employ  it  for  the  test  as  follows  : — 

20  grms.  of  acetone  are  mixed  with  60  c.c.  of  20  per  cent  solution  of 
hydrogen  peroxide,  and  the  mixture,  which  will  keep  unaltered  for  a  long 
time,  is  allowed  to  stand  for  at  least  a  fortnight  before  using.  The  test 
is  then  carried  out  by  immersing  in  this  mixture,  for  a  period  of  at  least 
two  days,  weighed  strips  of  equal  area  of  both  the  sample  to  be  tested 
and  the  standard  with  which  it  is  to  be  compared.  After  two  days* 
immersion  the  samples  are  withdrawn,  washed  with  a  little  acetone  and 
water,  and  dried  at  100"  C.  The  increase  in  weight  denotes  the  amount 
of  oxygen  absorbed,  and  is  a  fairly  reliable  measure  of  the  relative  sun- 
cracking  liability  of  the  sample  tested. 

I  have  so  far  applied  this  test  to  the  examinations  of  tire  covers  only, 
and  the  results  have  proved  very  trustworthy  and  in  close  agreement  with 
the  observations  on  strips  exposed  to  sunlight  for  prolonged  periods. 

5.  Electrical  Tests.— The  two  most  important  electrical  tests  in 
reference  to  india  rubber,  and  with  which  every  chemist  engaged  in 
practical  india  rubber  work  ought  to  be  sufficiently  familiar  to  dispense 
with  the  assistance  of  an  electrician,  are  the  insulation  test  and  the 
electrostatic  capacity  test.  These  are  carried  out  in  the  following 
manner : — 

Measurement  of  Insulation  Resistance. 

Thp  apparatus  required  consists  of  a  galvanometer  of  high  sensitiveness. 
A  reflecting  galvanometer  of  the  Thou  son  type  with  a  resistance  of  about 

*  Bwr,,  zzviii.  p.  2265. 
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30,000  oboM  ii  pnttnhh,  bol  for  uumj  porpnm  the  mmk  b« 
D'AMomrAt  gAlvanooMtor  will  raffic^i  EIUmt  oI  Umm  galvuioaMMn  it 
worked  with  aoj  of  the  well-known  formt  of  tnuMpAmi  Mala.  la  pMmlWl 
with  any  of  thaM  giJyinomt«%  ioiim  oooTwiaiil  thimt  it  anplojad,  bj 
riMMUM  of  which  anj  d«drtd  fkmetioo  of  Um  oomot  ouij  bt  wot  ihroogb 
the  galvnnoinet«r.  To  dotennine  the  oonstant  of  the  UUier,  the  laosi 
oooY«Dient  arnmgwnont  ii  a  megohm  rmtiteiwTt  The  further  appliuMM 
required  tun  a  bettery  of  at  leaat  a  hundred  etSk,  a  battery  kej,  and  a 
tbort  oironit  kej,  together  with  two  strong,  perieotlj  plane  bnui  platee 
provided  with  binding  torewa. 

Tho  6rat  operatioo  is  to  asomrtain  the  constant  of  the  galvaooaMter. 
For  this  purpose  the  batteiy,  short  circuit  kej,  megohm  rerirtaaee,  and 
galTanometer  are  ooimeoted  in  series,  the  shunt  being  connected  in  parallel, 
with  the  galTanometer  in  the  manuer  indicated  in  the  diagram  fig.  19. 


Flo.  19.— Diagimm  ihowing  disporitioa  of  ftppAntitt  for  taking  tht 
fisIvsnooMtar  ooastsat. 

In  this  diagram,  ^  represents  the  reflecting  galTanometer,  •  the  nni- 
vereal  shunt,  b  the  battery,  m  the  megohm  resistance,  and  k  the  short 
circuit  key.  For  ordinary  practice  a  reflecting  galTammeCer  of  tlit 
d'Ahsonval  type  possessing  a  resistance  of  about  800  ohms  is  snffiofawl 
The  omplovmeut  of  a  key  in  the  galTanometor  oireuit^  which  is  doted  only 
when  tiio  Bhort  circuit  k  (battery  circuit)  hat  been  elosed,  is  iodisptntable. 

In  taking  the  ooostant  of  the  galTanometer,  the  centre  line  of  the  light 
spot  on  the  screen  is  brought  to  sero^  the  shunt  switch  tamed  oo  tlit  knob 
marked  1/1000,  the  battery  key  doted  firsts  then  the  galTaaoaietflr  key. 
The  light  spot  will  move  up  on  the  scale,  and  as  soon  as  it  has  becomo 
stationary,  its  position  is  read  ofll  By  taking  the  number  of  degress  thas 
read,  and  multiplying  it  by  1000  (the  dividing  Talue  of  the  sbontX  «t 
obtain  at  once  the  constant  of  the  galTanomoCtr-HU.,  the  nombtr  of  tht 
scale  deflection  which  would  haTS  been  predncsd  by  the  battery  current 
acting  upon  the  galTanometer  through  a  resistance  of  1  megohm  with 
the  shunt  at  1,  when  the  whole  of  tht  current  would  pass  through  tbt 
galvanomotcr. 
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The  ooQstant  being  eeoertaiDod,  we  can  now  proceed  to  measure  the 
insulation  resistance  of  any  material.  India  rubber  should  be  used  in  the 
shape  of  a  sheet  or  film,  by  substituting  it  for  the  megohm  resistance  in 
the  manner  shown  in  the  diagram  fig.  20. 

In  this  diagram,  g  again  represents  the  galvanometer,  «  the  shunt, 
k  the  short  circuit  key,  and  h  the  battery.  The  sheet  to  be  tested  (t) 
is  placed  upon  the  earth  plate  6,  which  is  connected  to  the  wire  coming 
from  the  short  circuit  key.  Upon  the  sheet  under  test  is  placed  the 
circular  brass  plate  />,  which  is  connected  to  shunt  and  galvanometer. 
Surrounding  this  brass  plate  is  the  guard  ring  r,  made  of  brass,  which  is  of 
larger  diameter  than  the  brass  plate  p.  This  ring  is  connected  to  the 
galvanometer  side  of  the  battery  through  the  wire  r ,  and  it  serves  to 
annul  the  effect  of  any  surface  leakage  of  current  over  the  surface  of  the 
sheet  i. 


3 


— o 


Fio.  20.— Diagram  showing  disposition  of  apiMiratus  for  determining 
insolation  resistances. 


In  practice  it  is  also  necessary  in  this  case  to  employ  a  separate  key  in 
the  galvanometer  circuit.  Great  care  must  also  be  taken  to  have  the 
shunt  switch  turned  on  the  1/1000  knob  before  closing  the  battery  key, 
and  then  to  close,  in  its  turn,  the  galvanometer  key. 

On  depressing  the  galvanometer  key,  the  light  spot  on  the  scale  rapidly 
moves  up,  and  after  a  few  seconds  begins  to  move  again  slowly  backwards. 
The  slower  and  steadier  this  backward  movement  proceeds,  the  better  the 
insulating  material  under  test,  apart  from  the  actual  insulation  resistance 
ultimately  ascertained.  After  one  minute's  electrification,  the  reading  of 
the  position  of  the  spot  on  the  scale  is  taken. 

If  the  amount  of  deflection  produced  is  very  slight,  the  shunt  switch  is 
shifted  to  the  knobs  bearing  successively  lower  dividing  values  until  a 
distinctly  readable  deflection  is  obtained. 

The  insulation  resistance  b  then  calculated  in  the  following  manner  : — 
Assuming  that  in  taking  our  constant  we  obtain,  with  the  shunt  switch  at 
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1/1000.  a  ddtoolios  61 15  dflgrMa  00  Um  ma^  Umo  Um 
■Uuit  for  a  miilMiet  of  om  oMgohm  b  ISx  1000-IMOO.  W«  IImo 
remove  Ihe  megohm  reeieUusoe,  inMrUng  in  iU  pUoe  the  two  bcaae  pbtei^ 
between  whieb  the  dieleotrio  mAterkl  to  be  luted  bM  beeo  pkeed.  We 
then  put  the  guud  ring  r  In  poritloo,  ooneealrieelly  to  the  nmnd  facMi 
plate  p,  and  taking  oare  that  it  it  in  eontaet  with  the  dielectrie  onlj,  and 
not»  at  anj  point*  with  the  lower  braae  plate.  Then  we  eomieel  the  goaid 
ring  to  the  batt^  arm,  aa  ihown  in  the  above  Uluatratioii. 

We  plaoe  the  ihunt  iwitoh  at  1/1000,  cloae  the  battery  kej,  and  enb- 
eeqnentlj  the  galvanometer  kej.  If  no  readable  de6eetioo  be  obtained, 
the  ahunt  twitch  it  tamed  on  to  the  next  following  knob  I/SOOi  AMnnrfng 
now  we  obtain  a  defleetloo  of  9  degreea,  the  dafleetioQ  without  the  shunt 
would  have  been  9  x  300-2700  aoale  diviikma.  Now,  ae  the  ineulation 
reeiatanoe  ia  inverMljr  proportionate  to  the  deflection^  the  following  pco- 
portions  obtain : — 

16000:  8700  ::atl, 
or  IftOOO 

2700 
m  m  b'bCL 

Thia  figure  is,  of  ooufm^  oolj  relative— isi.  It  la  Inversely  proportional  to 
the  area  of  the  brsas  plate  p,  but  directly  proportionate  to  the  thickness  of 
the  dieleotria  Consequently,  in  stating  the  result,  the  area  of  that  plate 
and  the  thickness  of  the  dielectric  must  be  stated  at  the  same  time.  Tbnsi, 
if  the  area  of  the  test  pUte  is  200  sq.  cm^  the  thickness  of  the  abeei  S  muk, 
the  result  would  be  recorded  thus : — 

Bisistsncs  of '  InsoUtiiig  Ooonpoand  *  per  200  sq.  qol  stoa,  8  raiB.  thick  ■  5*5  O. 

Or,  if  It  should  be  desired  to  reduce  the  result  to  a  smaller  unit  area  of 
the  same  thickness,  this  can  be  done  by  multiplying  the  result  bj  the  area 
of  the  test  plate,  and  dividing  the  product  by  the  unit  area  selected. 

To  ascertaiu  the  thickness  of  such  plates  or  sheets  of  dielectrie  materials, 
the  screw  micrometer  is  the  most  convenient  instmment,  and  ia  sniBeiently 
accurate.  In  working  with  India  rubber  sheets  which  have  frequently  to 
be  tested  in  the  unvulcanised  plastic  state,  the  usual  form  of  theee  instru- 
ments with  very  narrow  contact  ptna  is,  however,  rather  unaatisfagitoty,  the 
readings,  owing  to  the  yielding  nature  of  the  material  to  ba  masinrsd, 
being  liable  to  be  too  low.  For  this  reason,  that  form  of  mlcrooieler  wHh 
special  broad  contact  plates,  as  mode  for  paper  makers'  use,  is  much  to  be 
preferred.  This  instrument  (see  fig.  81)  should  also  be  ptOTided  with  a  raek 
work  head  to  prevent  the  application  of  undue  or  variable 

The  thetromoHmJifret  of  the  battery  to  be  employed  in  the  above 
depends,  of  ooune^  materially  upon  the  nature  of  the  dielectrie 
to  be  tested.    On  the  whole,  it  may  be  sakl  that  the  rsaolla  are  the 
trustworthy,  the  higher,  within  certain  limits,  the  B.  M.  F.  of  the 
battery.     For  testa  on  india  rubber  and  gutu  peroha,  a  battery  of 
3  to  400  cells  (5  to  600  volta)  is  geoeimlly  naed ;  hot  In  many  cases  It  may 
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be  desirable  to  employ  a  lower  TolUgc,  and  when  experimenting  with  some 
new  material,  it  is  generally  advisable  to  ascertain  in  a  few  preliminary 
tests  the  most  suitable  number  of  cells  to  employ. 

The  above  described  insulation  tent  is,  of  course,  the  most  important 
test  applied  to  technical  dielectrics,  but  it  is  not  the  only  important  test. 
The  electrostatic  capacity,  also  the  coefficient  of  self-induction  of  a 
dielectric  material,  are  in  many  cases  of  almost  equal  importance,  especially 
in  submarine  and  telephone  cables.  But  as  these  tests  require  a  very 
fully  equipped  electrical  laboratory  or  test  room,  which  is  generally  under 


Fio.  21. — Micrometer. 

the  control  of  a  specialised  electrician,  their  detailed  description  here 
would  be  out  of  place,  and  for  full  information  on  this  subject  I  refer  the 
student  to  the  larger  works  on  electrical  testing.^  It  is  certainly  indis- 
f reusable  that  every  chemist  interested  in  the  electrical  properties  of  india 
rubber  and  its  congeners  should  possess  not  only  a  sound  theoretical 
training  in  electricity,  but  should  also  be  thoroughly  familiar  with  the 
practical  methods  of  electrical  testing. 

(6)  Chemioal  Analtsis  of  Manufactured  India  Rubber. 

The  great  value  of  the  physical  tests  applied  to  india  rubber  articles 
has  long  been  recognised,  but,  until  comparatively  recently,  chemical  tests 
were  only  used  in  a  somewhat  random  fashion.  The  analytical  investiga- 
tion of  manufactured  india  rubber,  and  the  analytical  control  of  the  works' 
production,  is  even  at  present  practised  by  a  few  only,  and  is  by  some  still 
looked  upon  merely  as  a  gratuitous  attempt  on  the  part  of  the  chemist  to 
supersede  the  'practical  man,' and  to  intrude  where  he  is  neither  com- 
petent nor  required.  This  attitude  of  the  'trade,'  unfortunately,  does  not 
'  Kkmpk's  Handbook  of  EUdrical  TaUiny  may  be  particularly  recommended. 
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•▼en  «ioltid«  thai  of  a  eomidermbla  numlier  of  Um  hmdM  of  lodk  nibbir 
worka.  Thoro  k  no  doubt  that  at  the  proMnt  mooMOi  the  eheoiieal 
analjiis  of  India  rubber  hae  not  yet  reaehed  the  ImpoflHiee  In  vUeh  il  ii 
oertain  ultimatelj  to  attain,  but  thia  b  largely,  if  nol  entirely,  doe  to  the 
hct  that  our  meane  for  the  interpretation  of  the  already  aumeroua 
analytical  data  which  are  available  are  Tery  eoanty  and  Jnadequate.  Bnl 
thia  defeel  ii  olearly  remediable,  and  its  force  will  beeome  inernefaigly  Urn 
as  the  ehemlelry  of  India  rubber  progreeeea.  Already,  at  the  praeeni 
moment,  chemical  analyiit  Is  capable  of  elucidating  many  of  the  most 
difficult  and  abstruse  points  with  which  we  are  confronted  in  Ihe 
maimfnoturc,  of  often  fUmishinu  an  explanation  of  the  oaueee  of  ptenialofi 
decay  in  rubber  goods*  and,  in  conjunction  with  the  physioal  tests,  of 
supplying  in  the  fulleet  manner  all  the  necessary  data  for  the  astisfaclory 
contrul  of  tlie  production  of  the  factory. 

Thus,  although  at  the  present  moment  the  adTantages  of  chemical 
analysis  in  reference  to  india  rubber  are  neoeaaarily  restricted  by  our  very 
fragmentary  knowledge  of  India  rubber  from  the  purely  chemical  point  of 
▼lew,  this,  BO  far  from  being  an  argument  for  the  exclusion  of  the 
reaourcee  of  chemistry  from  the  india  rubber  induatry,  should  rather  ad 
as  a  stimulant  to  bring  to  bear  upon  the  working  methods  of  this  grsat 
branoh  of  manufacture  the  poesibilitiee  lying  in  chemioal  analysis  and 
reeearoh,  which,  in  the  century  just  dosed,  have  proved  Ihemeelvea  the 
moat  powerful  agents  for  quite  unexampled  developments  of  old,  as  frr  the 
creation  of  new,  industries. 

Omieral  Scheme  of  India  Rubber  Analyeie. 

The  fundamental  difficulty  of  the  analysis  of  india  rubber,  as*  indeed, 
of  most  technical  products,  lice  in  the  fact  that  what  is  required  is  nol  an 
elementaiy  analysis,  but  a  determination  of  the  independent  compoaite 
aubetanoee  contained  in  the  manufactured  gooda.  Seeing  the  ahnoel 
oonntlees  number  of  aubetancee,  both  organic  and  Inorganic^  which  may, 
with  or  without  aome  clearly  conceived  reaeon,  be  incorporated  in  a 
*  rubber  mixing,'  it  ia  obvious  that  in  many  caaee  the  oomplete  qualitative 
and  quantitative  analysis  of  a  rubber  article  may  be  a  very  formidable 
task,  taxing  in  the  highest  degree  the  reeouroee  and  perseversnoe  of  the 
chemist  Indeed,  in  many  caaes  the  definite  qualitative  identification,  of 
eome  of  the  minor  constituenta  e^MOtally,  may  be  quite  Impoesible,  and  In 
other  caeca  where  we  may  aucoeed  in  identifying  a  number  of  Ibeee 
constituenta.  their  quantitative  determination  may  be  found  Impowibla 
I  may,  however,  at  once  point  out  that  caeee  where  theee  diflkmltiee 
the  analyst's  efforts  altogether  nugatory  are  of  the  nurert 
a  matter  of  fact,  the  veiy  detoeUon  of  the  prsMnoe  of  soeh 
which  defy  eiaot  kientification,  and  oonoequeotfy  aleo  quantitative 
determination,  very  frequently  givee  suffieieni  indiraol  inlonnation  raspeol- 
ing  their  nature  sa  to  lead  to  their  ultimate  reoognUfioa. 
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It  will  be  efideot  that  iu  a  very  large  number  of  cases  there  is 
absolutely  do  neoessity  for  a  full  and  detiiiled  analysis,  and  it  is  frequently 
quite  sufficient  to  determine  the  various  constituents  in  groups,  or  to 
determine  the  components  of  one  only  of  these  groups.  The  objection  that 
India  rubber  analysis  can  be  accomplished  only  with  an  inordinate 
expenditure  of  time  is  therefore  quite  inadmissible.  On  the  other  hand, 
over  and  over  again  it  can  be  observed  that  weeks  of  time  and  considerable 
expenditure  are  wasted  in  *  practical  experiments '  in  the  factory,  where  an 
analysis  would  have  at  once  solved  the  whole  difficulty. 

In  its  broadest  sense  the  analysis  of  india  rubber  consists  in  the  deter- 
minatitm  of  the  following  five  main  groups : — 

I.  India  Rubber. 
II.  Organic  Constituents  not  Rubber. 

III.  Sulphur. 

IV.  Chlorine. 

V.  Inorganic  Constituents  other  than  Chlorine  and  Sul]>hur. 

In  actual  practice,  even  in  those  cases  where,  for  the  purpose  in  view, 
a  division  into  these  broad  groups  would  suffice,  the  analysis  cannot  be 
carried  out  so  as  to  yield  simply  the  respective  proportions  in  which  either 
of  these  four  groups  is  present  in  any  given  sample.  This  could  only  be 
done  in  respect  of  groups  III.,  IV.,  and  V.,  but  the  result  in  respect  of 
the  former  would  be  almost  worthless  unless  the  absence  of  sulphuretted 
substitutes  were  known  with  certainty. 

The  above  five  groups  comprise  within  them  the  following  sub- 
divisions : — 

I.  a.  India  Rubber. 

b.  Recovered  India  Rubber. 
e,  Balata. 

d.  Guttapercha. 

IL  a.  Fatty  Substitutes  (Sulphides,  or  ChlorosuIphidesX 
b.  Fatty  Substitutes  (Oxidised  or  *  Blown  *  Oils). 

e.  Free  Fatty  Oils. 

d.  Mineral  and  Resin  Oils. 

«.  Solid  Hydrocarbons  (Paraffin  Wax,  Cercsin,  Ozokerite). 

/.  Resins. 

g.  Pitches  (Coal  Tar  Pitch,  Stearine  Pitch). 

h,  Bitominoos  Bodies  (Elastikon,  Asphaltum). 

i.  Oarbohydratet  (Starch,  Cellulose). 

k.  Organic  Bodies  not  above  named. 

III.  a.  Sulphur  of  Vulcanisation. 
b.  Free  Sulphur. 

e.  Sulphur  in  Organic  Constituents  other  than  Rubber. 
d.  Sulphur  in  Inorganic  Onstitnents. 

lY.  a.  Chlorine  in  India  Rubber. 
b.  Chlorine  in  Fatty  Substitutei^ 

V.  a.  Filling  or  Weighting  Agents. 

b.  Sulphur  Carriers. 

c.  Colouring  Agents — Pigments,  Lake  Pigmentsw 
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This  liat  appoMB  forankUUiH  but,  m  a  OMiUr  of  hel^  H  b  bo 
tho  list  ol  ooMUtoonto  oft«i  aooortmliKrf  in  ioofffwlo  oaoljiia.  JmI 
M  ultiniAto  Mialjtis  U  limpUfiad  through  tho  uao  of  'group  roogoiiUi'  to 
in  tbo  aamo  waj  Um  oomtftUMDli  of  iudhi  nibbor  ortioloi  ooo  bo  oopoiaUd 
into  group*.  Wo  obldn  to  this  mMmor,  in  tbo  firrt  intfonoo^  o  forj  gMonU 
▼iow  of  tho  compooitkm  of  tbo  ortiolo  undor  oiioljti%  wbiob  k  tbon  f uftbor 
dofolopod  bj  iubdiTkiiiig  tboM  dUfaml  groupo  into  thoir  oovoiml  oob- 

•titllOtttB. 

Tbo  PreparatiOD  of  tbo  Samploo  for  Analyiit.— Tho  prooofliig  of  a 
roprwentative  averago  tomple  for  omdjiii  is  ooo  of  tbo  moot  faDportant 
opomtioni,  but  oertoinly  abo  frequootlj  ooo  of  tbo  moot  difiouli.  Tbo 
proportion  of  the  varioui  oomtitiiooUi  ii  aooroolj  evor  tbo  moM  tbroogboot 
tho  Muuple— indeed,  it  Tarioi  often  Tory  ooniidoimblj,  alike  to  tbo  dio- 
advantngo  of  the  article  aa  of  tho  analjaia.  Tbo  reoion,  of  ooorM^  Uoi  in 
the  difficulty  of  mixing  oolloidal  meaei  bonogonoooalj  with  eoeb  otbor 
and  with  the  Tarioua  puWoruIent  ■obatanooi  omplojed  in  rubber  oom- 
poanda. 

It  ia  therefore  iaiportant»  in  order  to  obtain  a  fair  aYoiago  aamplo,  to 
procure  aa  large  a  sample  of  the  arttole  to  be  analysed  aa  possiblo,  and  to 
grind  it  between  a  pair  of  'mixing  roUen.'  With  rare  exoeptions  all 
vuloanissd  rubber  goods  are  thus  oonverted  into  a  mass  of  fine  flakes. 
This  mass,  after  being  well  mixed,  is  again  pawed  through  tbo  roUon^  an 
operation  which  is  repeated  a  number  of  times,  and  in  this  manner  a 
material  sufficiently  honiogonoous  for  analysis  is  obtained. 

Of  oouise,  cutting  a  strip  fhun  end  to  end  from  a  sample  to  be  analysed, 
and  cutting  this  into  very  fine  pieces,  may  serre  as  an  approaimalion, 
but  it  is  a  veiy  tedious  prooesii  and  the  material  is  not  in  snob  a  poroos 
and  permeable  condition  as  tbo  aboTo  deeoribed  grinding  prodnest  in  it 
RTory  laboratory  in  which  much  rubber  work  is  done  should  tborsfotv 
pooMss  a  model  mixing  roller.  This  may  be  worked  by  band  aa  long  as 
the  width  of  the  rollers  does  not  exceed  6  inches ;  beyond  ihk,  moobanical 
power  is  required.  Model  machines  of  this  kind  in  Tarioos  sins  ars  made 
by  Messrs.  J.  Robinson,  Salford,  Bfanchestor,  and  fig.  99  illttstnUos  a 
laboratory  *  dry-mixer'  of  their  design. 

It  is  soaroely  neoessary  to  point  out  that  before  passing  any  mbbsr 
articles  tbroogh  this  machine,  constructire  maferials,  snob  aa  ololb  inssr 
tioos,  eto.,  must  be  carefully  remored.  This  offers  little  or  no  difllonlty 
in  all  those  oases  where  the  fabric  is  completely  exposed  on  one  skis  of 
the  article,  as,  for  instance,  in  waterproof  fabrics  or  bioyolo  tiro  ooron. 
Thoroughly  saturating  the  fabric  with  bensene  is  generally  quite  snffirient 
to  enable  its  being  stripped  off  tbo  india  rubber. 

In  waterproof  dotb  ii  is,  in  spito  of  this  trsatmsnt^  often  diOealt  to 
strip  the  rubber  films,  either  owing  to  tboUr  extreme  tbinnssi,  or  on 
account  of  the  fihns  being  loo  weak  in  ooaeeqoenoe  of  tbo  laige  amonnts 
of  non-rubber  eonstiiuenia  tbej  msj  oontafan.    In  Ibis  ease  Ibe  elmplesl 
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prooedure  is  to  saturate  the  oloth  side  with  benzene,  and,  as  soon  as  the 
rubber  film  begins  to  shrivel,  to  place  the  fabric,  rubber  fetoe  upwards, 
upon  a  glass  plate,  when  the  *  proofing '  can  be  completely  scraped  otf  by 
means  of  a  good  sized  palette  knife.  The  rubber  obtained  from  any 
articles  thus  treated  must,  of  course,  be  dried  in  a  water  oven  before  it  is 
further  proceeded  with. 

'  Built  up '  articles — t.e.,  articles  containing  rubber  mixings  of  different 
composition  in  superposed  layers  (electric  cables,  with  their  *  pure  rubber 
lapping,'  *  inner  separator,'  and  'outer  jacket,'  are  good  examples  of  this 
oUas  of  goods) — should  be  separated  into  these  respective  layers,  and  each  of 


Kio.  22. — Mixing  machine  (Laboratory  scale). 

these  be  analysed  separately.  In  this  case  it  is  almost  always  desirable 
to  determine  the  ratios  of  the  weights  of  these  different  layers  to  the 
weight  of  the  whole  article.  The  separation  of  such  layers  of  different 
composition  may  often  be  accomplished  by  making  a  slight  starting  split 
with  a  knife  along  the  plane  of  union  of  the  two  layers,  when  frequently 
a  practically  complete  separation  may  be  effected  by  the  exercise  of  a 
little  patience  and  some  manual  dexterity.  Occasionally  this  separation 
takes  place  with  quite  surprising  ease,  but  quite  as  often  it  may  be  found 
utterly  impracticable,  and  in  this  case  a  tedious  dissection  by  means 
of  a  sharp  knife  is  the  only  means  available.  This,  of  course,  renders 
a  determination  of  the  weight  ratios  of  the  different  layers  by  the  above 
suggested  process  practically  impossible,  but  a  very  satisfactory  and 
accurate  way  of  obtaining  these  data  consists  in  the  preparation  of  a 


AVALVSTS   rtF  UTDIA   RUBBER    auth  i|m.  jjg 


•eetioD  of  the  mmpie,  latiiniiiif  tht  «net  thlctp—  oC  meh  y^m 
(•itber  mMrotooplaUljr  or  mIeraiPopiotUj,  aoooidhig  lo  Um  thfatlmwi  of 
tbo  object),  and  mulUpljiog  the  thtoknaom  maMoiwl  bj  Um  tpaoiio 
gr»Ti(i«  ol  tbo  rwpeotifo  Ujen.  TU  flgiini  IhM  obdOnod  mo  tiaoUj 
(bo  dorirad  mtiot. 

Tbo  taroplao  praparad  for  aiuUjiit  ■boold  bo  kqH  in  air-Ufbi  boiUoa, 
wbiob  abould  not  bo  oipooed  unnooooMrilj  lo  dajligbt,  mod  tmtm  lo  diiMi 
■onligbt  Samplflt  wbiob  aio  feo  bo  praMtrod  for  fatoro  wlwmoa^  por> 
tleukrlj  tbooe  wbiob  aro  or  maj  booomo  olqoofs  of  la^al  ptoooadii^i^  BMiat 
bo  preoonred  in  soalod  gUaa  tobea. 

Analytlod  Xothoda.— A  brief  glanoo  at  tbo  list  of  the  obSof  oooiUte- 
oota  to  be  mot  with  in  manufaotured  india  rubber  ibowi  tbat  they  maj 
oontaio  quite  a  nuiuber  of  tubttoDoea  loluble  in  neutral  orgaoio  oolvooto 
of  low  boilin;:  pointa.  Some,  indeed,  oootain  aabatanoaa  (inorganio  mIIi^' 
doztrino)  aoluble  in  water,  but  tboM  eaaea  are  rare.  It  maj  theraftMO 
oooaaionallj  be  of  importanoo  to  boQ  a  snail  quantity  of  tbo  aunplo  with 
water,  determine  the  reaotion  of  the  aolution,  and  aaoertain  whether,  after 
having  been  filtered,  it  learea  a  reaidue  which  can  be  furtbor  TmrnfaMMl 
If  tbo  water  shows  an  acid  reaction,  this  is  generally  duo  to  tbo  aamplo 
having  been  Tulcanised  with  sulphur  monoohloride.  Very  frequent  alao  is 
the  preoenoe  of  sodium  chloride  in  the  aqueous  extraoti  aa  this  is  a  vory 
frequent  constituent  of  'white  subfitituto,'  in  tbo  niannfactoiw  of  wbiob 
sodium  bicarbonate  has  been  employed. 

Tbo  treatment  of  india  rubber  with  organic  solvent  requires  oone 
ooQsidoration.  Carbon  bisulphide  and  bensene  are  eieeUent  solvents  for 
free  fatty  and  mineral  oils,  solid  hydrocarbons,  and  stmiUr  substanoea. 
At  tbo  same  time,  they  are,  however,  also  solvents  for  india  rubber  and  its 
congeners,  and  although  vulcanised  india  rubber  is  praotically  insoluble  in 
all  solvents,  tiiis  is,  strictly  speakings  only  tmo  in  tboao  cassa  wboro  tbo 
india  rubber  is  fully  vulcanised.  Even  more  serions  is  the  fMi  tbat  many 
of  the  *  brown  substitutes '  yield  to  these  solvents  considerably  more  tban 
the  free  fatty  oils  they  contain.  This  is,  of  oourss^  a  aorioas  objooCkNi,  oo 
tbeir  employment  would  result  in  the  appoaranoe  of  tbeaa  bodioa  in  two 
di£ferent  analytical  groups. 

The  alcoholic  solvents  are  free  from  these  objeouons,  but  they  are  very 
bad  solvents  for  the  hydrocarbon  oil%  although,  on  tbo  other  band,  they  ara 
on  the  whole  good  solvents  for  the  resins,  or,  at  leasts  of  thoos  wbiob  are 
used  in  tbo  mannftuttnre  of  india  rubber  gooda. 

Aoetono  is,  however,  tbo  solvent  which  is  free  firom  any  of  the  obfoo- 
tions  applying  to  the  above  named  solventa.  It  will,  particularly  at  hj^sr 
temperatures,  easily  disK>lvo  all  the  oily  and  rssinoos  coostitnsnls  of  India 
rubber,  gutta  peroha,  and  Balala  withoot  dissolving  a  traoa  of  any  of  Ihoa 
last  named  bodies  Ihemialvea.    It  also  readily  disaolvos  hm  fatty  00% 

>  I  h«T»  ftmnd  goods  owitiistiig  as  SMMh  as  6  par  caat  sedisB  ssri 
what  the  iDttit  of  this  sddUloa  li  sapposid  t»  be  I  kavi  a«vw  bMO  sUs  t» 
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mineral  oils,  solid  hydrocarbons,  resins,  and  the  froo  sulphur.  For  this 
I  have  made  use  of  this  solvent  for  years,  and  always  found  it  to 
most  satisfactorily. 
In  carrying  out  the  extraction  of  an  india  rubber  sample  with  acetone, 
from  1*5  to  2  gnus,  of  the  sample  are  placed  in  one  of  Schleicher  and 
SchttU's  extraction  thimbles,  which  is  inserted  in  the  extractor.  The  type 
of  extractor  to  be  used  is  a  matter  of  some  importance,  as  upon  this  depends 
to  a  considerable  degree  the  rapidity  with  which  the  extraction  may  be 
oompleted.  The  moet  generally  used  form  of  extraction  apparatus  is  the 
one  devised  by  Soxhlet»  and  as  long  as  its  capacity  does  not  exceed  from 


Inrf^tuXi 


Fio.  28.— AppantoB  for  the  extraction  of  india  rubber  samples. 

50  to  60  c.c,  it  answers  fairly  well,  but  for  our  purpose  I  very  much 
prefer  a  form  of  extractor  in  which  an  inner  tube,  which  receives  the 
thimble,  fits  into  an  outer  jacket,  so  that  there  remains  a  free  annular 
space  between  them  through  which  the  vapour  of  the  extracting  liquid 
may  pass  up  into  the  reflux  condenser,  thus  keeping  the  material  to  be 
extracted  always  at  the  temperature  of  the  boiling  liquid.  Care  need 
only  be  taken  to  arrange  the  tube  leading  from  the  reflux  condenser  to 
the  inner  extractor  tube  in  such  a  way  that  the  condensed  solvent  falls 
straight  into  the  thimble  containing  the  material  to  be  extracted.  In  this 
apparatus  even  the  most  refractory  sample  can  be  extracted  in  less  than 
five  hours,  whereas  about  double  that  time  is  required  if  a  Soxhlet  appar- 
atus be  used. 

The  whole  of  the  apparatus  is  shown  in  working  order  at  fig.  23. 
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It  will  at  oooe  bo  mod  that  the  complete  analjsis  of  this  eitrmet  maj 
be  a  rwj  diffioult  matter — indeed,  it  may  safely  be  ssid  that  oar  present 
day  methods  would  be  utterly  inadequate  for  the  analytical  diseotanglliig 
of  such  a  mixture,  this  being  particuUrly  so  in  view  of  the  CMt  that  the 
quantities  of  substance  on  which  this  would  have  to  be  done  rarely  eieeed 
10  per  cent  of  the  rubber  sample. 

There  is,  however,  soaroely  ever  any  need  for  a  complete  analysis  of 
this  extract)  an  hoiTestigation  of  its  general  characteristiesyielduig  mffiniit 
indication  respecting  its  nature. 

If  the  extract  forms  a  more  or  less  Tisoous  liquid,  it  may  be  taken  for 
certain  that  it  does  not  contain  any  solid  hydrocarboos  or  rssins,  both  of 
which,  eren  in  small  quantities,  depriTC  fatty  and  mineral  oils  of  their 
fluidity. 

If,  on  warming  the  extract  with  about  ft  c.c  of  absolute  alcohol,  there 
remains  a  liquid  residue,  this  consists  of  mineral  oils.  If  the  warm  aleohol 
on  cooling  deposits  Toluminous  flakes,  the  presence  of  solid  hydrocarbons 
(paraffin  wax,  ceresin,  osokerite)  is  a  practical  certainty. 

A  rough  estimation  of  the  fatty  oils  prssent  may  be  effected  by  extract- 
ing at  least  10  grms.  of  the  sample,  saponifying  the  extract  with  25  cc  of 
standard  alcoholic  caustic  potash,  and  titrating  back  with  standard  hydro- 
chloric aoid.^  As  the  fatty  oils  present,  in  nine  out  of  ten  caass,  consist  of 
colsa  oil,  we  may  assome  that  cTery  ITS  rngrms.  of  csnstie  poteah  whioh  hsa 
disappeared  in  the  saponification  represents  1  grm.  of  the  Cstt^oil  prsssut 

In  the  presence  of  a  composite  extnMt,  the  determination  of  the  amount 
of  extract  deriTod  from  the  India  rubber  is  an  absolute  impossibility,  kqp'j 
owing  to  the  very  indiiferent  character  of  the  soluble  matter  contained  in  indin 
*  Thb  it  pnoliadly  tb«  KosrmvaFsa  tmL 
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rubber.  A  very  little  experience  will  suffice  to  enable  the  worker  to  judge 
from  the  appearance  of  an  extract  as  to  whether  it  is  derived  from  india 
rubber  solelji  or  whether  it  is  contaminated  with  one  of  the  other  sub- 
ftances  named  in  schedule  A. 

Of  course  the  acetone  extract  also  contains  the  whole  of  the  free  sulphur 
praeenty  the  amount  of  which  in  the  various  india  rubber  articles  may  vary 
from  nothing  to  20  per  cent,  and  more.  In  rubber  analyses  pretending  to 
the  highest  attainable  degree  of  accuracy,  the  weight  of  the  free  sulphur 
must,  of  course,  be  deducted  from  the  weight  of  the  total  acetone  extract. 
If  the  free  sulphur  separates  out  in  the  extract  in  the  form  of  well-shaped 
crystals,  this  is  an  unmistakable  sign  of  the  absence  of  oily  or  resinous 
ingredients  other  than  those  derived  from  india  rubber,  or  of  solid  hydro- 
carbons, in  the  extract.  In  this  case  the  acetone  is  distilled  off,  the  flask 
dried  in  a  water  oven,  and  the  weight  of  the  total  dry  extract  ascertained. 
The  dry  extract  is  then  treated  five  times  in  succession  with  increments  of 
2  cc.  of  acetone,  and  these  washings  are  filtered  through  a  small  filter  into 
a  weighed  flask.  As  this  filter  may  contain  a  few  crystals  of  sulphur,  it  is 
placed  in  the  original  flask  and  washed  with  5  cc.  of  carbon  bisulphide. 
After  the  solvents  have  been  driven  off  on  the  water  bath,  the  two  flasks 
are  dried,  and  their  contents  of  organic  extract  and  sulphur  eiscertained 
respectively  by  weighing. 

This  method  involves  an  error  due  to  the  solubility  of  sulphur  in 
acetone.  This  error  is  represented  by  from  5  to  6  mgrms.  of  sulphur  dis- 
solving in  the  10  o.c.  of  acetone  used  for  the  above  separation,  and  it  is 
therefore  necessary  to  increase  the  amount  of  sulphur,  and  to  reduce  the 
organic  extract  by  this  amount  in  the  subsequent  calculations. 

If  the  extract  is  of  a  highly  composite  nature,  and  especially  if  solid 
hydrocarbons  are  present,  the  above  method  for  the  estimation  of  the  free 
culphur  cannot  be  employed.  If,  nevertheless,  its  direct  estimation  be 
deemed  important,  it  may  be  effected  by  oxidising  the  whole  of  the  acetone 
extract  with  fuming  nitric  acid  on  the  water  bath,  diluting  with  water, 
filtering  and  washing,  and  finally  precipitating  the  sulphuric  acid  formed 
as  barium  sulphate. 

For  the  detection  and  determination  of  tar,  pitches,  and  bituminous 
bodies  (asphaltum)  in  india  rubber,  Hbnriqubs  proposed  to  treat  the 
sample  in  the  cold  on  a  filter  with  nitrobenzene.  If  freshly  distilled,  and 
therefore  very  pale-coloured,  nitrobenzene  is  used,  this  method  allows  us  to 
detect  the  presence  of  the  above  bodies  by  the  dark  colour  of  the  nitro- 
benzene passing  through  the  filter.  In  the  presence  of  tar  or  [litches  the 
colour  of  the  filtrate  is  a  brownish-black;  asphaltum  dissolves  with  a 
characteristic  rich  mahogany  colour.  The  direct  gravimetric  estimation  of 
the  substances  present  in  the  extract  is,  however,  impossible  owing  to  the 
very  high  boiling  point  of  nitrobenzene. 

Hbnriques'  process  consists  in  treating  I  grm.  of  the  sample  with  30  cc. 
of  nitrobenzene  at  the  ordinary  temperature  in  a  small  beaker  for  about 
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oiM  boar.  The  miM  ki  than  timiMferred  to  a  ftlCor,  tod  Um  •olv«ot 
out  M  much  M  poMiblo  bj  proMiog  it  with  *  mtmU  pwtlt.  It  it  iImb 
wMbad  with  aooUmt  aO  oa  of  nitrobtoiMM.  Tbo  ftiidiM  is  than  vaibad 
with  water  into  a  poroalaia  baain  and  boUad  with  watar  until  aU  tha  nitffo> 
banaana  baa  diaappaared.  Tba  wasliod  maaa  ia  than  driad  and  weigbad,  tha 
loai  oOMiiting  ci  tha  aboTa  namad  bodiaa. 

Aoooiding  to  HwsiQuaa,  tar,  pitch,  and  aaphaltum  ara  aooiplald^ 
soluble  in  nitrobanaana.  Aa  a  general  atatement,  thia  ia  certainlj  not 
oorraet  Vaiy  freqaentlj  theaa  bodiea  contain  a  not  inconaideiabia  aaoonl 
of  inaolnbla  matter  which  ia  not  astraotad  in  the  abore  traahnaol  lUa 
ia  not  of  much  acoouut,  aa  the  amoont  of  tbaaa  aobatancaa  oaad  in  mbbar 
miiinga  ia,  aa  far  aa  my  experience  goaa,  alwaja  rwj  amall,  aeanalj  eirer 
exeeeding  S  per  cent  Samplea  like  thoee  quoted  bj  HunuqgM^  oontainiaf 
reepectlTclj  8,  21,  and  14  per  cent  of  aaphaltnm,  I  have  nef<ar  mat  with, 
and  I  doubt  wtrj  much  whether  thej  rapreaant  bomdJkU  manolMlniea. 

I  look,  nevertheleaa,  upon  the  direct  eatimatkm  of  thaaa  bodiaa  aa  a 
matter  of  eome  importance,  aa,  in  the  firet  inalanee,  their  emplqjaant  in  a 
'mixing'  most  alwaja  be  regarded  aa  a  matter  of  not  inaonaidenble 
t^mhnical  aigniScance.  MoreoTcr,  aa  all  aaphaltum  oonteioa  from  9  to  10 
per  cent  of  combmed  aolphor,  the  eatimation  of  the  fauter  can  raralj  be 
neglected,  and  thia  eatimation  ia  only  poaaible  if  we  get  the  actual  extfaat, 
free  from  ita  aolTent,  to  deal  with. 

Thia  I  carry  out  by  following  up  the  extraction  with  acetone  by  an 
extraction  with  pyridine  without  any  intenrening  drying  of  tlie  paper  eooa 
and  ita  contents.  After  removing  from  the  extmctor  the  flaak  containing 
the  acetone  extract,  I  tlierefbre  at  once  connect  the  extractor  with  a 
weighed  flaak  contaimng  aboat  60  ac.  of  pyridine  (B.P.  109  to  lU*  Cy 
Thia  flaak  I  heat  in  an  oil  bath,  the  temperature  of  which  ia  kept  batweao 
1 16  and  120*  G.  In  the  presence  of  tar,  pitch,  or  asphaltum,  the  paper  at 
once  aasumea  a  more  or  leas  pronoonced  brown  colour,  and  I  ooothrae 
extraction  until  it  has  aasumed  its  normal  tint.  I  then  distil  the  pyridine 
off  on  an  oil  bath,  the  temperature  of  which  is  again  kept  at  firom 
116  to  120*  C.  The  employment  of  a  aand  bath  ia  inadriaable  on  aeeonnt 
of  the  risk  of  overheating  towards  the  end  of  the  distillatioQ. 

On  removing  the  flask  from  the  oil  beth,  it  ia  caraAiOy  cleaned  with 
filter  paper,  and  finally  with  filter  paper  moiatened  with  banaana.  Tlie 
flaak  ia  then  heated  in  a  water  oven  until  the  amall  of  pyridine  has  dis- 
appeared.   Snbeeqnently  the  weight  of  the  extract  ia  aaoertaaned. 

Whether  the  extract  consists  of  tmr,  pitch,  or  asphaltum  may  geoerally 
be  decided  by  an  examination  of  the  conaiatenoy  and  coloor  of  tha 
tar  being  a  bkck  riaoid  Uqnki,  pitch  a  dnetile  bladi  maaa,  an 
a  brittle,  very  dark  brownish-maroon  substancei  A  mixtnrs  of  any  two  of 
these  subatancea  wouki  be  extreme^  diflboH  to  deteot  Bat  thia  is 
scarcely  of  any  account,  aa  tha  employment  of  aoeb  n  mixkura  woold  be 
>  Part  pjridiM  boib  at  lir  a 
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due  to  the  individual  feunoy  of  the  manufacturer  rather  than  to  anj 
pariioular  virtue  of  the  blend. 

The  addition  of  all  these  substances  to  rubber  mixings  only  serves  the 
purpose  of  softening  the  india  rubber  without  subjecting  it  to  an  undue 
and  detrimental  amount  of  mechanical  working.  This  softening  may  be 
desirable,  either  for  the  purpose  of  enabling  the  rubber  to  take  up  roa<lily 
large  quantities  of  mineral  matter,  or  to  assist  in  any  subsequent  calender- 
ing of  the  rubber  mixing. 

The  separation  we  have  eflfected  by  this  pyridine  extraction  is  shown  in 
the  following  schedules : — 


a— Extract 

D. -Residue. 

I.  India  Rubber,  Gutta  Percha,  Balata. 

IL  1^. 

Pitch. 
Bitominous  Bodies. 

II.  Chlorosulphide  Substitutea. 
Sulphide  Substitutes. 
Oxidised  or  •  Blown  *  Oils. 
Carbohydrates. 

III.  Sulphur  in  Extract 

III.  Sulphur  of  Vulcanisation. 

Sulphur    in    Organic    Constituents 

other  than  Rubber. 
Sulphur  in  Inorganic  Constituents. 

IV.  Chlorine  in  India  Rubber. 
Chlorine  in  Fatty  Substitutes. 

V.  Inorganic  Constituents. 

The  estimation  of  the  sulphur  in  all  the  various  forms  in  which  it  may 
appear  in  manufactured  india  rubber  is  one  of  the  most  important  points 
in  the  complete  analysis  of  a  rubber  article.  We  must,  therefore,  also  test 
for  sulphur  in  the  pyridine  extract  (C),  and  if  any  be  present,  determine 
its  amount  quantitatively.  The  sulphur  in  this  case  cannot  be  present  in 
the  free  state,  but  only  in  organic  combination,  for  it  cannot  be 
estimated  by  the  method  adopted  for  its  determination  in  the  acetone 
extract,  owing  to  the  frequent  conversion  of  these  organic  sulphides, 
partially  at  least,  into  sulpho-acids,  the  barium  salts  of  which  are  soluble 
in  dilute  hydrochloric  acid.  The  following  procedure  is  therefore 
adopted : — 

The  pyridine  extract  is  oxidised  on  the  water  bath  with  fuming  nitric 
acid  in  the  flask  in  which  it  was  weighed.  As  soon  as  complete  solution 
is  obtained,  it  is  transferred  to  a  porcelain  incinerating  dish  of  about  6  cm. 
diameter.  The  flask  is  then  washed  with  hot  fuming  nitric  acid,  the 
washings  being  added  to  the  contents  of  the  dish.  The  whole  is  now 
concentrated  to  a  syrupy  consistency,  about  half  a  grm.  of  pure  sodium 
acetate  is  added,  and  evaporation  continued  to  dryness.  The  dry  residue 
is  ignited  over  a  Bunsen  burner,  the  carbonaceous  mass  completely  oxidised 
by  slowly  adding  the  requisite  quantity  of  sodium  nitrate,  and  the  mass 
allowed  to  cool.     It  is  then  dissolved  in  hot  water,  the  solution  filtered. 
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and  the  filUr  waabttl  DMtrml  with  water.  AfUr  Miduktiaf  Iht  fltf»U 
vitb  bjdroobkde  Aoid,  Um  talphurio  mM  it  prMipiUled,  Mid  iia  MDouai 
iioflrtilntHi  io  Um  iwud  niAoiMr. 

We  prooMd  now  to  determine  in  the  rMidoe  horn  the  |ijridlDe  ei* 
timotko  (D)  the  Muooot  of  Uttj  mbilitatee  pi«Mot  TUs  it  eenied  ooi 
hf  the  Tery  timple  end  eetieCMtoiy  method  doe  to  WmnuQomi^  end  vUeb 
it  bMtd  upoo  the  ftot  that  tU  thete  tubttltatet  art  ■till  ftnfiilly 
triglyceridw,  aod,  at  ttioh,  tapooifiahle  with  oauetfte  eoda  or  poteeb. 

Before  appljing  thit  HipooifieatioQ  tett,  the  roiidoe  D  b  fr^ttd 
adhering  pyridine  bj  wathing  it  in  the  extraetioo  thimble  with 
It  it  then  dried,  weighed,  oompletelj  trentferred  to  a  wide^ieeked  flatk, 
and  after  addition  of  25  o.a  of  aloohoUe  eaoetle  potaeh  or  toda,  betted 
upon  the  water  bath  on  a  reflux  eondeneer  for  from  three  to  foor  hourk 
In  important  oatet  it  it  adriaable  to  repeat  thie  trtataeot  with  a  freth  lot 
of  cauatio  potath.  All  the  alooholic  Uqnon  are  oarafallj  eoUeeted,  the 
intoluble  retiduo  wtthed  upon  a  filter  with  boOing  water,  and  eompletely 
freed  from  alkali  bj  wathing  with  water.  All  theee  waahingt  are  nnHed 
with  the  alooholio  taponification  liquort. 

The  filter  retidue  it  dried  in  a  water  oren  in  a  oorreoi  of  eoal  pm, 
Thit  it  beet  carried  out  bj  placing  the  retidue  in  a  weighed  wkle-oeoked 
flatk  proYided  with  a  doublj  perforated  oork  ttopper.  Through  Iheae 
perlbfmtiooa  paM  two  abort  pieoet  of  gUai  tubnig.  The  one  of  theee  i» 
oonneeted  to  the  gat  topplj,  the  other  to  the  Buneeo  bomer,  heating  the 
bath  by  meant  of  india  rubber  tubing  which  it  patted  into  the  oreo 
through  ita  aperture  at  the  top.  The  reeidue  it  thna  dried  in  a  eorrent  of 
coal  gat  to  avoid  oxidation,  wbioh,  without  thit  pieoantioo,  might  affect 
the  final  retnlt  to  a  Tery  oonaiderable  extent.  The  dry  residue  it  finally 
weighed  in  the  flatk,  and  the  lott  of  weight  Teiy  aoenrately  repteetota  the 
weight  of  the  fatty  tubttitutea  removed  by  taponification.  The  ptnentnge 
repretented  by  thit  amount  mutt,  of  coune,  jutt  at  all  the  pfevionaly 
aaoertained  data,  be  calculated  upon  the  original  weight  of  the  taaple 
taken,  and  not  upon  the  weight  of  the  retidtte  from  the  pyridine 
extraction. 

According  to  Hxnriquis,  the  above  deeoribed  method  for  the  determine' 
tion  of  the  fatty  tubttitutee  it  liable  to  be  vitiated  by  the  CmI  Ibel  tbe 
iudia  rubber  retaint  at  much  at  6  per  cent  of  iit  weight  of  cauetie  poteah 
in  an  intoluble  condition,  and  be  ttatet  that  thit  alkali  can  only  be 
removed  by  boiling  tbe  india  rubber  with  dilute  hydrochlocio  add.  Of 
oourte  there  it  no  objection  to  thit  treatment  in  tbe  caee  of  indie  nibber 
free  from  mineral  matter,  or  of  india  rubber  free  ftrom  mineeal  metier 
soluble  in  hydrochloric  acid.  But,  at  a  rule,  the  greater  part  of  tbe 
mineral  matter  uaed  in  rubber  mixingt  it  eolnble  In  bydrocblorio  eeld; 
othera  are  partially  aoluble,  ondefgoli^  deoomporitioo  oader  tbe 
of  the  acid.  It  will  readily  be  perceived  that  in  eoch  caeta  thit 
woold  very  coosiderabfy  complicate  the  detennhaatioo  of  the 
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ooDstituento  of  the  rubber  articles,  all  the  more  so  as  the  complete  removal 
from  india  rubber  even  of  those  inorganic  bodies  which  are  easily  soluble 
in  h^'drochloric  acid  is  an  extremely  tedious  operation.  I  have  found, 
however,  that  the  absorption  of  alkali  by  the  india  rubber  is  not  what 
would  appear  to  be  a  somewhat  obscure  function  of  the  india  rubber  itself, 
but  is  entirely  due  to  the  presence  of  resinous  bodies  in  the  latter.  If  these 
are  removed  before  the  application  of  the  above  described  saponification 
process,  the  absorption  of  alkali  by  the  india  rubber  is  too  insignificant 
as  to  call  either  for  Uenriqueb'  hydrochloric  acid  treatment,  or  for  any 
other  correction.  But  this  is  exactly  what  our  first  operation,  the 
extraction  with  acetone,  accomplishes. 

The  fatty  substitutes  extracted  are  either  chlorosulphides,  sulphides, 
or  oxides  of  triglycerides,  and  it  is  generally  of  importance  to  ascertain 
which  of  these  is  present.  Not  infrequently  two  of  these  substitutes  are 
used  in  rubber  mixings,  but  which  of  them  can  be  discovered  fairly 
approximately  only  by  a  quantitative  estimation  of  the  amount  of  chlorine 
and  sulphur  present  in  the  saponification  liquors  ;  and  as  these  figures  arc 
also  of  importance  in  respect  to  the  question  of  the  vulcanisation  of  the 
rubber  sample  under  examination,  their  determination  becomes  almost 
invariably  necessary. 

This  I  carry  out  by  evaporating  the  whole  of  the  washings  which  have 
been  collected  from  the  saponification  process,  in  a  porcelain  basin,  to  a 
volume  of  about  50  c.c.  This  is  then  made  up  to  100  c.c.  with  water  in  a 
graduated  cylinder,  the  water  which  has  to  be  added  being  used  to  wash 
the  basin.  I  then  take  50  c.c.  of  this  solution,  evaporate  it  to  dryness  in 
an  incinerating  dish,  ignite  over  a  Bunsen  burner,  oxidise  the  carbonaceous 
matter  by  the  careful  addition  of  sodium  nitrate,  dissolve  the  subsequently 
resulting  mass  in  water,  acidulate  with  nitric  acid,  and  add  silver 
nitrate.  Any  precipitate  of  silver  chloride  thus  obtained  is  filtered  off, 
treated  in  the  usual  manner,  and  weighed  The  amount  of  chlorine  thus 
found  must,  of  course,  be  doubled. 

The  other  50  c.c.  of  the  above  solution  are  first  oxidised  on  the  water 
bath  with  bromine,  or  bromine  water,  in  order  to  oxidise  the  alkaline  sul- 
phides present,  and  are  then  concentrated  by  evaporation  to  the  state  of  a 
syrupy  liquid,  which  is  oxidised  with  fuming  nitric  acid,  evaporated  to 
dryness  and  ignited,  finally  also  being  fused  with  sodium  nitrate.  The 
resulting  mass  is  dissolved  in  water,  and  the  sulphuric  acid  present  deter- 
mined in  the  usual  manner.  It  is  obvious  that  the  amount  of  sulphur  thus 
ascertained  must  also  be  doubled. 

If  there  are  chlorine  and  sulphur  present,  it  will  generally  be  found 
that  their  respective  amounts  appear  approximately  in  the  ratio  of  their 
molecular  weights.  In  this  case  the  fatty  substitute  present  is  either  the 
chlorosulphide  of  one  of  the  imsaturated  fatty  oils  (colza  oil) — i.e.,  *  white 
substitute* — or  a  mixture  of  the  latter  with  one  of  the  *  blown'  oil 
substitutes* 
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If  there  are  both  ohlorina  tod  ettlpbnr  praMDti  but  the  hUm 
My  in  exoev  of  the  aboft  etotod  rmtio^  this  it  tvldeoat  th^  the  UUy  Mb- 
•titutte  emplojad  are  »  miiture  of  'while'  aod  'blown'  «uUiitMU,  or 
perhape  even  of  theee  two  with  e  *  blown '  oU  wihrtitBlr 

The  prwepee  of  eulphur  only  indioetee  the  pmeooe  of  either  *  hcown ' 
Ruhntitute  done,  or  n  mixture  ol  it  with  *  blown '  oil  nbrtitiita. 

1  he  ebeenoe  of  both  chlorine  end  sulphur  provee  the  enbetilnte 
u>  oonjiet  entirelj  of  *  blown '  oil  enbetitute. 

Further  inlbnnntloD  on  thie  point  will  be  found  in  the  next 
but  attention  mnj  elreadj  here  be  drawn  to  the  fact  that  if  *  white'  enb- 
tUtute^  aa  ia  frequently  the  eaae,  ia  employed  in  the  manofKtare  of  boi 
nUoaniied  goode,  it  loeea  a  more  or  leaa  eonaideimble  propoftloo  oCitB  ehloriae 
in  the  form  of  hydroohlorio  add.  HiVRiqvn  tTrimitil  that  in  thia  mm 
the  hydroohlorio  aoid  eeeapea  altogether  daring  the  proeeai  of  Yoleaniiiaf. 
This  assumption  is,  however,  entirely  errooeooa.  The  hydroeblorie  aeid 
eliminated  from  the  substitute  ia  retained  entirely  by  the  india  rubber, 
with  whioh  it  oombinee  to  form  polyprsne  hydroohloride^  and  it  b  alao 
probable  that  some  part  of  it,  in  the  preeeooe  nolably  of  litharge  or 
calcium  carbonate,  oombinea  with  theee.  Bot  aa  the  de  obkufaalioD  of  fjkm 
*  white  *  substitute  under  the  oonditiona  mentioned  ia  hi  hom  nnmplata, 
the  preeeooe  of  chlorine  in  the  substitute  cannot  escape  detection. 

The  saponification  of  the  residue  D  with  oauatte  aloobolie  pocaah  haa 
therefore  resulted  in  the  following  further  eeparation : — 


■.-Bstnet 

r.-RMidoiu 

IL  ChlonM]phid«8abstitut«. 
SolphidtfiobstttntM. 
OiiSiMd  or*  Blown 'OOa. 

HL  Sdpbiir  ia  Fktty  SabrtitatM. 
Chlofint  in  f%XVj  Sabttitotes. 

L  lBdbBabb«.OwtlaF^nka.Belsla. 
IL  OMbo^rhatM^ 

IIL  SelpharoCYnVwafcaHsa. 

lY.  GhMastaladkBaMMK. 
Y.  laoiiMdeOinsHt— H 

For  the  a^iaratioo  of  the  India  rubber  from  the  mineml 
RiQun  propoeed  to  empby  the  aolrent  action  of  boiling 
rather,  of  thoee  fractions  of  petroleum  spirit  boiling  abore  IftO*  C 
is,  howerer,  an  extremely  unaatiafaotory  prooeei^  aa  the  aolvent 
attack  Tery  lightly  Tulcanised  india  rubber  only.    I 
and  until  quite  recently  praotteed,  the  use  of  boiling 
is  a  far  more  powerful  eolvent,  and  yielda  eolntkina  whieb  aiw 
to  deal  with  than  thoee  obtained  by  the  aid  of  petiuliiiw     1 
aolvent  b  not  capable  of  reeolving  aatialMlori^  aamplea  |iiiniHing  n 
oanisaUon  ooeflMuent  exoeeding  4  per  oent.  of  anlphur,  and  the 
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Buoh  being  rather  lai^,  the  limitations  of  this  process  were  often  very 
reetriotive. 

There  remained,  then,  only  the  determination  of  the  mineral  matter  by 
the  most  obvious  process — namely,  incineration.  But  to  this  process 
attaches  the  very  seriouB  objection  that  it  interferes  with  the  composition 
of  the  inorganic  substances  present  in  such  a  manner  as  to  render  al- 
together impossible  the  determination  of  the  exact  nature  of  the  mineral 
substances  added  to  the  rubber  mixing.  Any  mercury  compounds  volatilise 
altogether;  sulphides  are  converted  into  oxides  or  sulphates;  carbonates 
low  their  carbonic  acid ;  oxides  are  converted  into  sulphides,  which  may  then 
andeigo  further  oxidation;  carbon  pigments,  carbohydrates,  animal  and 
▼Qgetable  fibres  are  burnt  off,  and  thus  often  unavoidably  accounted  for 
as  *  india  rubber.'  As  a  rapid  control  for  works'  purposes,  the  incineration 
test  answers  in  the  majority  of  cases  well  enough,  but  in  the  analysis  of 
samples  of  unknown  composition  it  is  entirely  unsatisfactory. 

Quite  recently  I  have  succeeded  in  finding  a  far  more  effective  resolvent 
for  even  highly  vulcanised  india  rubber  than  nitrobenzene.  This  substance 
is  a-nitro-naphthalene.  The  readiness  with  which  this  body  resolves  india 
rubber  possessing  a  vulcanisation  coefficient  of  from  2  to  8  per  cent,  is 
perfectly  surprising ;  even  samples  showing  vulcanisation  coefficients  up  to 
15  per  cent  are  quickly  and  completely  decomposed  at  a  temperature  of 
from  170  to  180'  C.  The  solutions  obtained  in  the  nitrobenzene  treatment 
are  often  extremely  difficult  to  deal  with,  the  mineral  matter  absolutely 
refusing  to  settle  out,^  and  forming  often  practically  unfilterable  solutions. 
On  the  other  hand,  the  solutions  obtained  in  the  nitro-naphthalene  treatment, 
after  dilution  with  benzene,  and  after  a  few  hours'  standing,  filter  very 
readily,  and  yield  clear  filtrates. 

The  only  peculiarity  the  nitro-naphthalene  treatment  presents  is  one  it 
shares  with  the  nitrobenzene  treatment — mz.,  that  if  it  is  applied  to 
substances  containing  either  red  lead  or  ferric  oxide,  these  bodies  at 
a  temperature  exceeding  180°  C.  gradually  oxidise  the  india  rubber,  con- 
verting it  into  black  carbonaceous  masses,  which  might  afterwards  be  taken 
to  represent  carbon  black  present  in  the  mixing.  This  difficulty  may  be 
avoided  in  the  case  of  the  nitrobenzene  treatment,  by  adding  to  the  nitro- 
'  benzene  y\yth  or  ^th  volume  of  chloroform,  whereby  the  boiling  point  is 
reduced  from  208*  C.  to  about  170*  C.  A  mixture  of  100  parts  of  nitro- 
naphthalene  and  5  parts  of  chloroform  also  appears  to  act  even  better  than 
nitro-naphthalene  alone,  but  there  is,  of  course,  only  an  insignificant  lowering 
of  the  boiling  point  in  this  ca«e,  and  I  prefer,  therefore,  to  carry  out  the 
nitro-naphthalene  treatment  in  an  air  bath  which  can  without  difficulty  be 
kept  at  the  safe  temperature  of  180*  C. 

The  treatment  named,  applied  to  residue  F,  for  the  separation  of  the 
india  rubber  from  the  mineral  matter  is  therefore  carried  out  as  follows  : — 
The  residue  F,  the  weight  of  which  is  known,  is  placed  in  a  weighed  wide- 
^  This  i»  esiMciAlly  the  case  if  the  mineral  matter  consists  of  Sb^^g,  or  of  ZuO. 
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■atir  balk, 


naokMi  UA  togaUiffr  with  from  60  to  70 

M.P.  58*  a    Tb«  flMk  It  Umd  pUo«l  in 

enekdng  li    TIm  ftir  bath  outIm  a  tiMnaooMUr,  and  «Mf«  dMmld  b« 

that  tba  tompotrnture  it  kepi  m  dmt  180*  C.  m  poaibU.    Tb«  fon 

ooMtniotioo  of  Uiit  air  hath  ia  repi«Mntad  fai  flfi.  14  and  SA. 

Tba  ejliodrioal  body  (a)  of  tha  air  bath  ia  mada  of  ilooi  eoppv. 
proridod  with  a  ooToring  of  stout  atbeatoa  papar,  or  thio  aibartoa 
Tha  bottom  (6)  of  tha  bath  ahoald  not  ba  toldarMl  to  tha  bodj,  but 
on  tha  flangca  e  by  meant  of  tertwt,  joiali  bting  omda  with 


Itii 


Pio.  24.— Diagrmm  of  air  Uth  Cor 
Dttro-DAphthjiIene  eztraotioii. 


Pia  Sft.— 


Thit  aToidt  much  trouble  in  repairt,  at  the  bottom  of  tha  bath  haa  to  ba 
frequently  renewed  On  the  top  the  body  haa  a  ooUar  d  prorided,  ovar 
which  fitt  the  cap  e.  The  latter  is  slotted  in  the  manner  shown  in  fig.  S6, 
just  wide  enough  to  allow  the  neck  of  tha  flaakt  to  paas.  The  flaak  btiaf 
passed  in  the  slot,  it  is  secured  in  its  poaitioo  by  the  slide,  and  tbagroofat  f 
in  the  edges  of  the  two  semioiroular  laotiona  of  the  sk>t  and  tJia  slide. 
Asbestos  cording  is  fixed  so  as  to  saoart  a  tight  joint  roood  tha  Mak  ol 
the  flask.  The  q>eoing  A  is  for  tha  tharmomatar.*  This  it  an  tHif  t^y 
tenrioeable  air  bath.  The  detirtd  temparatore  it  rsaeoad  vaiy  qoiekly,  aod 
as  easily  regulated.  It  may  ba  moontad  oo  tripod  legB»  or  almp^  plaosd 
on  a  round  tripod  of  suitable  dimantinna.    To  prtvaot  too  dlrsoia  ladltltoi 

1  This  air  Uth  may  be  obtdaMl  ftem  Mmr.  TtwL  Jmckmm  k  Osi,  II  Half  Mooa 
StTMt,  MaaohMtv. 
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of  heat  from  the  bottom  of  the  bath  to  the  flask,  I  oover  the  former  on  the 
inside  of  the  bath  with  a  thin  layer  of  fluffy  asbestos  fibre. 

During  treatment  the  contents  of  the  flask  are  at  frequent  intervals 
gently  stirred  with  a  small  glass  rod.  The  completion  of  the  solution 
requires  from  fifteen  to  sixty  minutes  according  to  the  description  of  the 
sample.  If  the  solution  is  completed,  the  flask  is  taken  from  the  Imth, 
allowed  to  cool,  diluted  with  about  150  c.c.  of  benzene,  and  left  to  stand  for 
the  mineral  matter  to  settle  out  The  solution  is  then  filtered,  flask  and 
filter  washed  thoroughly  with  warm  benzene,  and  subsequently  dried  for  one 
hour  at  110'  C.  We  obtain  in  this  manner  the  weight  of  the  mineral 
matter,  pigment  colours,  carbohydrates,  and  organic  fibrous  materials  which 
may  be  present  in  the  sample.  The  loss  of  weight  is  put  down  as  india 
rubber,  including  sulphur  of  vulcanisation  and  chlorine  in  india  rubber 
(chlorine  of  vulcanisation).    The  separation  effected  is  therefore  as  follows: — 


0.— Solution. 

H.— Residue. 

L  India  Rubber,  Gutta  Percha,  Balata. 

DiaBolved  but  not  determined. 

III.  Sulphur  of  Vulcanisation. 

IV.  Chlorine  in  India  Rubber. 

II.  Carbohydrates. 

III.  Sulphur  in  Inorganic  Constituents. 

V.  Inorganic  Constituents. 
Fibrous  Materials, 

The  india  rubber  cannot  be  recovered  from  its  solution  in  the  above 
filtrate,  for  the  simple  reason  that  it  is  no  longer  there  in  the  form  of  india 
rubber,  but  of  decomposition  products  of  the  latter.  For  this  reason  it  is 
also  impracticable  to  determine  the  sulphur  of  vulcanisation  and  the 
chlorine  in  the  india  rubber  by  means  of  this  solution. 

It  is  also  impossible,  therefore,  to  detect  admixture  of  the  rubber  with 
gutta  percha  or  Balata  as  soon  as  the  india  rubber  is  at  all  fully  vulcanised. 
In  only  slightly  vulcanised  articles  it  is  possible  to  extract  the  gutta  percha 
and  Balata  by  repeated  treatment  of  the  original  sample  with  cold  benzene, 
and  precipitation  of  the  benzene  extract  with  absolute  alcohol.  It  is,  how- 
ever, vexy  rare  that  a  sample  of  manufactured  india  rubber  contains  more 
than  1  or  2  per  cent,  of  either  gutta  percha  or  Balata,  and  there  is  amongst 
india  rubber  technologists  very  considerable  divergence  of  opinion  respect- 
iDg  the  practical  value  of  these  admixtures. 

Much  more  serious  is  the  fact  that,  as  yet,  we  are  practically  unable  to 
detect,  with  any  degree  of  certainty,  the  admixture  of  'recovered'  india 
rubber;  still  less,  of  course,  can  we  estimate  its  amount.  Nor  do  the 
physical  tests— in  particular,  the  much  vaunted  tensile  strength  test — in  the 
least  assist  us  to  arrive  at  any  conclusion  in  this  respect.  This  is  all  the 
more  regrettable  as  *  recovered  *  india  rubber  is  now  very  commonly  used 
in  goods  in  which  its  employment  must  appear  in  the  highest  degree  in- 
judicious.    This  applies  notably  to  bicycle  and  carriage  tires. 
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In  ao  mtUm  ehaptor  (IIL)  I  Iiato  tbovn  UmU  a11  noowmnd  iadk 
rubber,  in  tpito  ol  its  tiMto  daMripCloo  m  'd^Yiilmiiind'  india  rabbw, 
•till  oonUios  Um  wbola  of  Um  mlphur  o#  TwUnniirtoa  ol  Om  wmU  tubbv 
from  wbiob  it  baa  beeo  obUined.  1  bava  furUMr  ■bovD  lb*l  atl  tbit 
reoorerod  rubber  again  takes  pari  in  tbt  Tukanintioo  of  tbo  arllelt 
mannfaotored  witb  its  aid.  Indeed,  tbia  it  eron  Into  of  Ibe  gromd  rubber 
waite  (rubber  dtut),  wbiob  it  abo  Urgelj  tiaed  in  tbe  manuCnetiire  oC  rubber 
goods.  Tbis  most  not  infreqoenUj  lead  to  an  abnonnallj  bifb 
of  Toloanisation,>  wbiob  maj  tborefore  oocasionsHy  aenre  as  a 
to  the  pro|K)rtion  of  reooTered  rubber  preMot 

From  tbe  aboTo  it  will  be  seen  tbat  tbara  lies  etUl  a  large 
field  before  ua,  and  a  great  deal  of  patient  reaeareb  and  eipsrlBMnt  will 
he  required  before  we  shall  be  able  to  differentiate  analjtieallj  the  ooo- 
Btitueota  of  tbe  rubber  portion  of  a  sample  of  manulaotnrsd  iodia  rubber. 

Tbe  filter  witb  tbe  rssidue  h  upon  it  is  rsplaoed  in  a  funnel,  and 
wash«l  witb  watM*  heated  to  boiling  in  tbe  flask  in  wbiob  tbe  nHwbeniSMO 
treatment  was  oarried  out  Washing  tbe  filter  witb  150  to  900  c^  of 
boiling  water,  added  in  small  quantities  st  a  time,  is  quite  saflleieot  to 
remove  from  tbe  residue  all  dextrine  or  soluble  starob  pnssnt  Tbe  filtnle 
is  teeted  for  tbe  preeenoe  of  dextrine  or  soluble  starob  bj  tbe  kidfaie  tesL 

If  either  of  theee  two  substances  baa  been  detected,  filter  and  flaak  are 
again  dried  aa  before,  and  the  Ices  of  weight  noted.  Thia  kiea  may  repre- 
aent  either  dextriue,  or  farina,  or  oUier  atarobj  matter,  wbiob  in  tbe  nitro- 
benaeue  treatment  ia  partiallj  oooTerted  into  aoluble  atarcb,  but  ebieflj 
into  dextrine.  To  decide  aa  to  wbiob  form  tbe  oarbobjdrate  ia  prsssiil  in 
the  rubber,  some  of  the  original  ssmple  is  boiled  witb  water  for  a  km 
minutes.  The  water  ia  then  filtered  off,  and  the  filtrate  tested  for 
as  above.  According  to  the  result  of  thia  test,  the  oarbobjdimto 
is  put  down  either  as  dextrine  or  as  farina. 

The  result  of  this  determination  leaves  our  analTsis  as  foQows  ^-> 


L-Soliitioa. 


IL  OMbohjdiatss. 
T.  laoifuiie 


(total). 


K.-: 


in  SslidMrbi 
IV.  laoiipais 


I 


The  items  which  have  still  to  be  determined  are  tboat  appearing  in  Ibe 
right  column  of  tbe  above  table. 

Before  proceeding  with  tbe  reaklue  K,  it  sboold  be  dooely  ewissined  for 
the  preeenoe  of  vogetaUe  or  animal  fibres.     If  anj  are  prssent,  and  Uie 
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determination  of  their  amount  is  of  importance,  a  fairly  approximate  separa- 
tion from  the  mineral  matter  may  be  effected  by  shaking  a  weighed 
quantity  of  the  residue  with  chloroform.  This  operation  is  best  carried 
out  by  placing  the  residue  in  a  test  tube,  pouring  about  20  0.0.  of  chloro- 
form upon  it,  very  slightly  shaking  the  tube,  and  allowing  it  to  stand  for 
some  time,  during  which  it  is  repeatedly  tapped.  The  mineral  matter 
settles  at  the  bottom,  while  the  vegetable  and  animal  fibres  rise  to  the  top. 
They  are  floated  off  into  a  dish  by  holding  the  test  tube  in  an  inclined  position 
and  overflowing  it  with  chloroform  which  is  nm  in  from  a  pipette,  the  out- 
flow end  of  which  is  all  the  time  kept  in  the  chloroform  in  the  test  tube. 
The  chloroform  is  evaporated  from  the  dish,  and  the  fibres  remaining  behind 
are  transferred  by  the  aid  of  a  camel-hair  brush  to  a  watch-glass  and 
weighed.  From  the  weight  of  fibre  thus  found,  the  total  amount  of  fibres 
present  in  residue  E  may  be  readily  calculated. 

If  the  residue  K  contains  any  carbon  black,  the  presence  of  which  is 
always  easily  recognisable,  the  only  way  to  estimate  it  with  a  fair  degree 
of  approximation  consists  in  burning  off  part  of  the  residue  K  with  lead 
ohromate  in  the  manner  adopted  for  the  elementary  analysis  of  organic 
bodies  containing  sulphur.^ 

The  detailed  qualitative  examination,  followed  by  the  quantitative 
estimation  of  the  inorganic  constituents  of  the  mineral  residue  K,  is,  of 
course,  conducted  on  the  well-known  lines  of  qualitative  inorganic  analysis, 
a  description  of  which  in  this  place  is  unnecessary.  The  variety  of 
inorganic  constituents  to  be  found  in  manufactured  india  rubber  is  at  times 
astonishing,  often  defying  explanation.  Nevertheless  will  it  be  found  that 
in  the  large  majority  of  cases  a  comparatively  small  number  of  inorganic 
compounds  are  used.  A  list  of  those  compounds  I  have  observed  in  a  very 
large  variety  of  rubber  goods  I  give  below.  They  are  arranged  approxi- 
mately in  the  order  of  their  technical  importance  and  the  frequency  with 
which  they  occur. 


Litharge,  PbO. 

Paria  White,  Whiting,  CaCO,. 

Zinc  White,  ZnO. 

Lime,  CaO. 

Barytea,  BaS04. 

lathopone,  ZnS,BaS04. 

Golden  Sulphide,  Sb^^. 

Lamp  Black,  C  (chiefly). 

MagnesU,  MgO. 

Bed  Lead,  Pb,04. 

Bed  Iron  Oxide,  Fe,0,. 

French  Chalk. 

China  Clay. 

Vermilion,  HgS. 

Plaster  of  Paris,  CaSO^, 

Oypaum,  Pearl  White,  CaS04,  2  aq. 

White  Lead. 


Infusorial  Earth,  Kieselguhr,  SiOj. 

Zinc  Sulphide,  ZnS. 

Lead  Sulphide,  PbS. 

Lead  Thioeulphate,  PbS,0,. 

Lead  Sulphate,  PbS04. 

Graphite,  C  (chiefly). 

Magnesium  Carbonate,  MgCOj. 

Pumice  Stone  Powder. 

Glass  Powder. 

Mica. 

Arsenious  Sulphide,  As,S^ 

Zinc  Dust 

Aluminium  Powder. 

Iron  Filings. 

Brass  Filings. 

Asbestos. 


*  If  the  residae  contains  graphite  (plumbago),  this  would,  of  course,  also  be  found  as 
'  carbon '  in  this  process. 
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It  maj  mielj  be  ayd  Ui»(  fullj  bM  per  mol,  prouunj  «t«o 
the  manufaotafwl  iodia  rubben  are  prodoeed  wilb  oot  or  moft  of  Um 
fint  twelve  of  the  above  iMUBod  euhitanoeg  preeeut,  oad  tkntm  wf  elio  tho 
onee  whieh  are  the  eirieit  IdoBtified.  In  raopeol  ol  woam  of  iIm 
idoDtifloatioo  in  Iho  porelj  ohonleal  vaj  it  ofton  oiliiaMlj 
indeed,  fV«queotlj  the  aoiioit  and  quiokeit  vaj  eooiiita  in  a 
examinatkm.  Ojpiam,  aa  diatinguiahad  fhmi  pUatar  of  Fwii,  infbnrial 
earth,  lead  aulphate,  pumioe  atooa,  ghm,  miea,  and  aaberto^  oan  raadUj  be 
identified  in  thb  manner,  and  it  it  adTiiable  to  hare  a  eat  of  elidea  of  all 
thoM  prodoct8|  eimplj  mounted  in  air,  alwajt  readj  for  eomparinn.  Id 
doubtful  oaeei  examination  in  poUriaed  light  often  provee  naefuL 

For  the  quantitatiTo  determination  of  the  inocgMiio  oompoandi^  the 
timpleit  waj  ftnequentlj  ia  to  diawlre  a  frmk  part  of  the  eampla  in  nitrle 
aoid,  evaporate  to  drjneai,  add  a  few  drope  of  strong  eulphurio  acid,  drive 
off  the  ezceta  on  the  mod  bath,  and  prooeed  with  the  roeidaa  in  the  wall- 
known  manner.  But,  if  it  ia  preferred,  lome  of  the  original  nmpla  maj, 
after  extraction  with  aoetooe,  be  immediately  subjected  to  the 
treatment,  and  the  quantitative  doterminalion  of  the  mineral 
oompleted  by  the  analjiia  of  the  residue  obtained.  This  eooaa  h 
particularly  to  be  reoommended  with  samples  yielding  easily  to  the  nitro- 
liemeoe  treatment. 

The  determination  of  the  sulphur  in  the  inorganic  eonsUfweuli  is 
carried  out  by  placing  a  snudl  incineration  dish  of  about  6  cm.  diameter 
upon  the  water  bath,  charging  it  with  about  10  ao.  of  fuming  nitrio  acid, 
and  adding  a  weighed  quantity  of  the  residue  K  in  small  portions  It  is 
advisable  during  this  operation  to  keep  the  dish  covered  with  a  wsfnh  g has 
to  avoid  loss  through  spirting.  After  the  whole  of  the  substance  hit  basn 
added,  the  watch-glass  is  thoroughly  wiped  with  moistened  filterfapsr 
cuttings,  which  are  then  also  added  to  the  aekL  The  whole  ia  then 
evaporated  to  a  syrupy  consiatency,  when  about  3  grma.  of  purs  sodiani 
acetate  are  added,  and  the  whole  evaporated  to  dryness.  The  dry  mass  is 
ourefully  ignited  over  a  Bunsen  burner,  the  oarbonaoeoua  matter  oxidised  by 
cautiously  adding  potasaium  nitrate,  preferably  in  the  form  of  iman  eryatels. 
The  whole  is  then  kept  in  quiet  fusion  for  a  short  time,  the  dish  allowed 
to  cool,  the  melt  dissolved  in  boiling  water,  filtered,  and  the  filter  thom^g^j 
washed  with  hot  water.  The  filtrate  is  then  aoidoUted  with  hydraeUorie 
acid,  heated  to  boiling,  the  sulphuric  aoid  precipitaied  with  a  hot 
solution  of  barium  chloride,  and  thtj  weight  of  the  barium  sulphate  ohteinail 
ascertained  in  the  usual  manner.  The  amount  of  sulphur  thus  fSooad  ii^  of 
oourse,  in  the  first  instance  oalculsted  upon  the  totel  minsnl 
ascertained  in  the  sample ;  its  peroentageb  howaw,  being  csienlated 
the  whole  of  the  rubber  sample. 

We  now  determine  the  total  sulphur  in  the  temple  by  wdjgMnf  onl 
from  1*5  to  2  grms.  of  the  original  sample^  and  addiog  this  niMrtHj  in 
small  portions  to  about  16  aa  of  nitrio  aoid  (about  64  psr 
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not  *  fuming')  contained  in  an  incinoerating  dish  of  the  already  named 
description.  The  dish  is  placed  on  a  water  bath  and  covered  with  a  watch 
glass,  the  whole  operation  being  carried  out  exactly  in  the  manner  already 
described  for  the  determination  of  the  sulphur  in  the  mineral  matter. 

We  now  haye  determined  the  following  forms  of  sulphur  in  the  rubber 

sample : — 

1.  Fraasolphar. 

2.  Salphar  in  pitch,  tar,  and  bitumlnooa  bodies. 
8.  Salphar  in  fatty  snbetitotes. 

4.  Sulphur  in  inorganic  compounds. 
6.  Total  sulphur  in  sample. 

It  is  therefore  obvious  that  by  adding  the  amounts  of  sulphur  of  the 
first  four  determinations,  and  deducting  the  sum  from  the  total  sulphur, 
the  difference  of  the  latter  over  the  former  must  represent  the  sulphur  in 
combination  with  the  india  rubber — in  other  words,  the  sulphur  of  vul- 
canisation. 

It  might,  however,  be  objected,  and  not  unjustly,  that  considering  the 
great  importance  of  the  sulphur  of  vulcanisation,  its  determination  by 
calculation  from  possibly  five  separate  determinations,  the  errors  of  which 
under  unfavourable  conditions  would  all  accumulate  in  this  final  calcula- 
tion, would  tend  to  render  the  result  of  doubtful  value.  For  this  reason 
it  is  much  more  satisfactory  to  treat  from  1  to  1  5  grms.  of  the  original 
sample,  according  to  its  now  ascertained  components,  with  the  above 
mentioned  extraction  solvents,  so  as  to  reproduce  a  residue  K,^  the  total 
sulphur  of  which  is  ascertained  exactly  as  the  total  sulphur  in  the  sample. 
By  deducting  from  the  figure  thus  obtained  the  sulphur  contained  in  the 
mineral  matter,  we  obtain  at  once  the  sulphur  of  vulcanisation. 

There  remains  now  only  the  determination  of  the  chlorine  in  the  india 
rubber,  which  is  carried  out  as  follows.  About  0*3  grm,  of  the  rubber 
sample'  are  sealed  up  in  a  bomb  tube  with  5  c.c.  of  fuming  nitric  acid  and 
1  grm.  of  silver  nitrate.'  It  is  generally  advisable  to  heat  the  tube  for 
two  days  in  the  *  bomb  *  furnace,  relieving  it,  of  course,  of  its  pressure  by 
unsealing  the  capillary,  and  re-sealing  it,  as  soon  as  the  gases  have  escaped, 
prior  to  resuming  the  heating  on  the  second  day.  When  the  cold  tube  is 
opened  and  cut^  its  contents  are  washed  with  hot  water  into  a  small  glass 
beaker,  and  the  precipitate  filtered  off".  If  the  india  rubber  sample  contains 
no  mineral  matter  insoluble  in  nitric  acid,  the  washed  filter  residue  consists 
simply  of  silver  chloride,  the  weight  of  which  is  ascertained  in  the  usual 
manner.  But  in  most  cases  other  insoluble  matter  is  present.  In  this 
case  the  filter  residue  is  washed  neutral  and  dried.  It  is  then  placed  in  a 
porcelain  crucible,  the  filter  burned,  and  its  ash  added  to  the  precipitate. 

>  This  to  remove  the  free  sulphur  present,  which  may  greatly  retard  the  completion 
of  the  nitrobenzene  treatment. 

*  If  the  sample  contains  chlorosulphide  substitutes,  extraction  with  alcoholic  caustic 
potash  must  precede  the  above  determination. 

'  For  particnlars  consult  GAiraaiCAKM,  Practical  Methods  of  Organic  Chemistry. 
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The  whole  if  tbeo  OArciulij  muod  witn  irom  o  to  lu  Uximi  of  iU  vaifbl  «l 
■odittmoMrbopaU^MidUitBUitowfqiadoTtrapowttftUDiiiMenbtM^  Tibo 
fused  miit  is  diaolved  in  water,  filtered,  end  the  filter  rssidiie  IbofOt^jr 
wMhed.  The  Uuer  ie  then  WMhed  off  the  filter  ioto  ft  pnwslsin  dii^  tke 
filter  WMhed  with  ahout  50  ao.  of  hoi  6  per  eeot  stroof  nitrie  aoid»  vhioh 
is  allowed  to  run  ftom  the  filter  into  the  basin.  The  eootsoli  of  the  laUsr 
are  then  heated  for  about  ten  minutes  to  near  boiling  poioti  the  r*liimm 
tlien  filtered,  and  the  filter  residue  oarefuUj  washsd  oeotraL  To  the 
filtrate,  the  total  Tolume  of  whioh  shoold  not  siosed  100  e^,  hjdroehkiffie 
aeid  is  added  in  Terj  slight  exoess,  the  predpitated  silfsr  ehloride  filtered 
off  and  treated  in  the  usual  manner  for  weighing.  We  obtain  in  this 
manner  the  amount  of  chlorine  oontained  fai  the  robber  of  the  sample. 
The  whole  of  the  analjtieal  data  obtainable,  and  the  soeeessire  pro- 
bj  whioh  thej  are  obtained,  are  embodied  in  the  following  table  »— 


n.1 


S^piMT 
■MfVk 


in.  KxraAonoa  wits 


The  number  and  naturo  of  the  analytical  operattoos  required  lor  the 
complete  analysis  of  an  iodia  rubber  sample  may  appear  alaneaing  to  OBanj, 
but  it  may  be  at  once  pointed  oat  that  the  number  of  indlTidoal  delsr> 
minatioiia  recorded  in  the  abore  aoheme  are  probably  now  required  in  the 
analysis  of  any  one  sample.  Indeed,  in  ma^y  oases  a  eomplele  analysis  is 
not  required  at  all,  one  or  two  of  the  above  opsrstkms  ^anUtdag  aU  the 
information  required.  It  must  thersfbrs  be  decided  Ikom  csne  lo  mm 
whioh  are  the  aualytioal  daU  required  to  ftimish  aoj  paitiookr  InNiaa 
tion  asked  for  in  respect  of  a  certain  sample.     Not  only  is  it|  tbso,  cflstt 
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po88ible  to  abbreviate  the  above  oourae,  but  also  to  substitute  more 
expeditious,  if  somewhat  less  accurate,  working  methods  in  the  place  of 
thooe  we  have  been  reoommending.^ 

The  mo6t  usual  shortening  of  the  above  scheme  is  rendered  possible  in 
the  analysis  of  samples,  the  mineral  matter  of  which  contains  neither 
sulphides,  nor  sulphates,  nor  any  other  sulphur  compounds,  and  the 
detailed  composition  of  which  is  a  matter  of  secondary  importance.  If, 
moreover,  the  rubber  sample  is  of  the  'grey'  or  *red'  variety,  the 
analytical  course  may  be  further  shortened,  as  none  of  these  rubbers  ever 
contain  any  substances  of  the  group  C.  of  our  above  scheme.  The  mode 
of  procedure  then  assumes  the  following  comparatively  simple  form  : — 


I.  Extraction  wfth  Aobtonb. 

Separate 
Estimations. 

A.— Extract. 

BeeinouB  constituents 

of  india  rubber. 
Fatty  oils. 
Mineral  oils. 
Resin  oils. 
Solid  hydrocarbons. 

Free  solphor. 

B.— Rksiduk. 

III.  Extraction  with  Alcoholic 
Potash. 

Mineral  matter  by 

ignition. 
India    rubber    by 

difference. 

E.— Extract. 

Chloroeulphide  sub- 
stitutes. 

Sulphide  substitutes. 

Oxidised       (blown) 
oils. 

Sulphur     in     sub- 
stitutes. 

Chlorine     in     sub- 
stitutes. 

F.— Residue. 

S  in  rubber. 

(Sulphur  of  Vul- 
canisation. ) 

CI  in  rubber. 

It  will  be  seen  that,  in  working  according  to  this  scheme,  the  extraction 
with  acetone  and  the  treatment  with  alcoholic  potash  have  remained,  and 
extracts  A.  and  E.  are  therefore  identical  with  the  corresponding  extracts 
in  the  preceding  table.  Residue  F.  is,  however,  here  used  for  the  deter- 
mination of  the  *  sulphur  of  vulcanisation '  and  of  the  chlorine. 

The  estimation  of  the  sulphur  in  residue  F.  is,  of  course,  carried  out  in 
exactly  the  same  manner  as  the  determination  of  the  total  sulphur.  The 
chlorine  in  this  residue  is  determined  by  Carius'  method,  as  already 
described.  A  rather  quicker,  although  not  quite  so  accurate  method  con- 
sists  in  mixing  the  rubber  intimately  with  a  fusion  mixture  consisting  of 
2  parts  of  sodium  carbonate  and  1  part  of  potassium  nitrate,  spreading  this 
mixture  evenly  on  the  bottom  of  a  platinum  dish  which  has  previously 
been  covered  with  a  thin  layer  of  the  same  fusion  mixture,  and  finally 
covering  the  rubber  particles  completely  with  the  same.  The  mass  in  the 
dish  is  then  very  gently  and  gradually  ignited.  When  the  mass  no  longer 
gives  off  vapours,  the  heat  is  increased  until  the  whole  is  in  quiet  fusion 

'  Tltere  is,  of  course,  no  necessity  for  a  re-estinaation  of  the  respective  extracts. 
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and  an  oarbooaceuuft  matter  buruod  off.    T>M  fiittd  worn 

diMolTod  in  watar,  fUtored,  the  Hilar  wadiad  oMtnl.  tiM 

with  nitrio  add,  and  tba  ehlorine  prMipiUlad  with  tilver  nittatfli    Tbb 

opemlioD  ihoald  be  performed  in  an  EsuDnam  iaik,  and  nol  ia  a  dMi 

or  beaker,  fai  order  to  avoid  loai  Ihroogh  the  ifc'moiBoi  takfa^  plaee  oa 

aeidnlating  the  aolutioo. 

This  aame  method  haa  aleo  been  reoommeoded  for  the  deteniiaalioa 
of  the  total  sulphur  in  the  faidia  mbber,  bat  it  ia  qtiiU  worthleM  for  tUe 
porpoee,  the  reiulta  obtained  being  nraeb  too  low,  often  bj  over  60  per 
cent  of  their  actual  ralue.  The  eaoee  ol  thia  ie  ob^iooe,  and  majearilj  be 
diaeorered  bj  eubjeoting  Tuloanieed  India  rabber  to  dry  dietillation,  when 
it  will  be  found  that  almoei  exaetlj  one  half  of  the  solphnr  premt  la 
given  off  in  the  thape  of  hjdrogen  eolphide,  the  rest  in  the  form  ol 
sulphides.  The  former,  no  doubt,  ia  readllj  oiidiaed  bj  the 
nitrate^  but  the  greater  part  of  the  latter  meet  probablj  are 
before  any  action  takee  plaoe.  The  ehlorine  of  the  India  mbber,  on  the 
other  hand,  is  Tery  readily  given  off  at  oomparatiTelj  low  tempermtores, 
and  it  ii,  moreorer,  eTolred  entirely  as  hydroehlorio  aoid,  whieh  la  rapidly 
and  completely  abeorbed  by  the  sodium  carbonate  praeent 

In  the  aboTc  abbroriated  scheme  we  determine  the  mineral  matter  by 
ignition.  As  ia  well  known,  thia  method  ia  by  no  meana  accnrate  iadesd, 
if  not  Tery  carefully  carried  out,  it  may  be  Tery  fonlty.  From  1  to  9 
grms.  of  the  india  rubber  are  thinly  spread  out  in  a  weighed  poreehin 
diah  of  about  6  cm.  diameter.  The  latter  ia  then  heated  orer  a  aaadl 
flame^  eo  regulated  that  the  vapours  eTolred  never  bnrst  failo  lame :  aboold 
this  occur,  it  is  a  sign  that  the  flame  of  the  burner  is  too  high.  If  the 
CTolution  of  vapours  haa  ceased,  the  flame  is  moderately  inereaeed  until 
all  the  carbonaceoua  matter  la  homed  oil  The  raenlts  are 
invariably  too  high,  owing  to  part  of  the  organic  aolphur  being 
either  as  sulphide  in  the  presence  of  sine  oxide,  or  as  aulphate  In  the 
preeenoe  of  Ume,  magnesia,  or  litharge.  The  error  thoa  ineorred  may 
amount  to  as  much  as  S  per  cent,  bot  the  fset  ie  that  as  for  as  the  figurss 
affboted  by  it  are  concerned — mineral  matter  and  India  rabber — thla  fonlt  Is, 
In  the  minority  of  cases,  of  little,  if  any,  practical  account 

(c)  NoTB  o!f  TBI  A.vALYsn  OF  Hard  Rubboi  Goods  (Biosrna)^ 
The  analysis  of  hard  india  rubber  goods  suffers  from  even  greater  die- 
advantagea  than  that  of  aoft  gooda,  aa  the  india  rubber  oooslitoent,  which, 
in  the  former,  only  dissolvee  with  difficulty,  is,  in  the  kllsr,  Maify  In- 
soluble. We  have  already  incidentally  alluded  to  the  foot  that  the  I 
with  which  a  sample  of  soft  rubber  ie  rseolved  in  the 
meat  depends  very  materially  upon  the  degree  of  valeanlsatfaa— ie, 
coefficient  of  Tolcanisatioa— of  the  sample^  and  diorisss  aa  the  latter  la- 
ereases.  Long  before  we  reach  prodocte  of  a  eoetteleat  of  Fuleaniaitina 
•a  high  aa  that  of  the  typical  hard  rubben,  we  airiFe  at  prodasti  ahfoh 
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are  irresolYable  by  any  known  solvent  This  fact  adds,  of  course,  very 
considerably  to  the  difficulty  of  the  analysis  of  hard  rubber  goods. 
Some  compensation  arises,  however,  from  the  fact  that  hard  rubber  never 
contains  any  of  the  fatty  substitutes.  The  organic  non-rubber  constituents 
of  hard  rubber  consist  entirely  of  resins  and  pitches.  The  inorganic  con- 
stituents of  hard  rubber  are  much  the  same  as  those  of  soft  rubber,  but 
in  smaller  variety. 

The  preparation  of  a  sample  for  analysis  is  again  a  point  of  import- 
ance. The  only  satisfactory  way  consists  in  reducing  the  sample,  or  as 
large  a  part  of  it  as  possible,  to  a  fairly  fine  powder  by  means  of  a  file. 
This  powder  is  passed  through  a  sieve  of  from  80  to  100  mesh  per 
square  inch.  What  does  not  pass  through  the  sieve  is  ground  in  a  well- 
adjusted  grinding  mill  until  the  whole  of  the  filings  have  passed  the 
sieve ;  and  after  the  fine  powder  thus  obtained  has  been  thoroughly  mixed 
in  a  mortar,  it  may  be  taken  to  represent  a  fair  average  sample. 

In  analysing  hard  rubber,  an  estimation  of  the  following  constituents  is 
desired: — 

(a)  India  rubber. 

(6)  Resins,  or  resinous  matters. 

(c)  Bituminous  bodies,  pitches. 

{d)  Mineral  matter. 

f  Sulphur  of  vulcanisation. 

(«)  Total  sulphur,   -|  Free  sulphur. 

I  Sulphur  in  mineral  matter. 

The  analytical  course  to  be  followed  may  now  be  easily  arrived  at  from 
the  scheme  given  on  page  255.     It  is  as  follows  : — 


I.  Extraction  with  Acstons. 


A- — Extract. 
India     rubber 


Added; 

bodies. 
Ftm  solphur. 


B.— Residue. 

II.  Extraction  with 
Epichlorhtdrine. 


C. — Extract. 

All  resins  in- 
soluble in 
acetone. 

Sulphur  in 
abova 


D.— Residue. 

III.  Extraction  wrrn 
Ptridini. 


E.— Extract. 

Bituminous  bodies. 
Pitches. 
Sulphur  in  above. 


F.— Residub. 

Sulphur    in 
residue. 


IV.  Separate 
Estimations. 

Mineral  matter. 
Sulphur  in  mineral 
matter. 


The  extraction  with  acetone  requires  much  more  time  in  the  case  of 
hard  rubber  than  with  soft  rubber  goods — indeed,  nothing  less  than  a  two 
days'  extraction  will  be  found  satisfactory.  This  appears  to  be  due  to 
the  fact  that  hard  rubber  contains  the  free  sulphur  in  a  peculiarly  in- 
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•oluble  form— probahljr  in  mi  aaorpbous  rmncxj  wuioo  ouij  g^dmiSkj 

pawcw  into  aolutioo.    This  mtum  to  b«  Um 

oToarboQ  bbtUphkUt  for  ooofeooo  lo 

tioui,  M  the  aolubilitj  of  MiHwpboiit  oalphur  rory  kffilj 

temperature^  And  would  theroforo  Uko  pUoe  mueh  Um  r»|ifaUj  ni  Um 

boiling  point  of  carbon  bisulphido  (46*  C.)  than  at  that  of  aoolOM  (AT  O, 

although  tho  lattor  b  a  much  inferior  lolvent  for  sulphur  than  tho  foroMr. 

Tho  gMoral  cooditiooi  for  oarrying  out  the  aootooo  tittnMtfoo  of  hard 
niMier  ara  eiaotly  the  «uno  aa  that  for  toft  rubbor — thai  k^  Ibo  po«d«  of 
linnl  rubber,  about  S  gnnft.,  It  pUoe«l  in  an  estraetioo  thimbU  and  traai^ 
for  two  dajB  in  tho  apparatus  Bgurod  upon  page  340  of  this  book 

As  a  rule,  the  organio  extract  obtAined  in  this  maiuier  Is  rtrj  small 
in  quantity,  oeosisting  ohleflj  of  •ulphur,  tbe  exaet  amount  o#  whieh  Is 
ascertained  bj  oxidation  with  fuming  nitric  acid,  and  determinatioo  of  the 
sulphuric  acid  in  tbe  usual  way. 

If  the  amount  of  organio  matter  prseent,  as  aaoertained  bj  the  diflbr- 
enoe  between  the  amount  of  the  total  extract  and  the  amoont  ot  ttm 
sulphur,  exceeds  4  per  cent,  it  may  be  aasumed  that  rssinoos  bodies  or 
resins  other  than  those  naturally  occurring  in  India  rubber  are  present 
A  great  number  of  the  resins  are  soluble  in  aoetone,  othen  partiallj 
soluble,  but  these  solubilities  may  undergo  oomidenble  ohanges  in  the 
course  of  the  action  upon  them  of  high  tempsntursi  In  the  prsaflMO 
of  a  large  amount  of  sulphur.  For  this  reason  the  examioatioo  of  Che 
extracted  resins  can  only  deal  with  their  general  features,  and  the  Ideotl- 
fication  of  any  particular  resin  is  always  a  matter  of  Tory  great  difBcolty 
nnd  uncertainty,  especially  as  the  chemistry  of  the  resins  la  still  In  alsBoet 
OS  chaotic  a  state  as  the  chemistry  of  india  rubber. 

While  acetone  dissolves  a  considerable  number  of  resins  en— plsleljr, 
it  dissolves  a  number  of  them  only  partially,  and  otheie  not  at  all,  aa  will 
be  seen  from  the  following  table,  which  contains  those  more  geoersUj  osed 
in  india  rubber  goods,  especially  in  the  manufacture  of  hard  robber. 


KameofBisia. 

^ 

"^S&XSSL- 

Aoaitiid  Eadn, 

Amb«,     .        . 
Oom  Baasbia.    . 
OoloDhooy  (K^n). 

Dannur, 
Elemi.       . 
Oom  Mantic, 
Sandarac. 
Shallao, 

iolabla. 

faMolDbk 

solabla. 
partiany**aohibla 

sohOdt. 
»• 

M 
t* 

t» 
•• 

*  Owing  to  tbe 
mbber,  tba  am] 
otharwiaa  bt  wholly 


imperoaptibla 
of  thto  aolvem  la  tho 


iaplMaor 
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From  this  table  it  is  evident  that  in  a  number  of  cases  the  acetone 
extraction  fails  to  remove  the  whole,  and  in  two  rather  important  instances 
to  remove  even  part,  of  the  resins  present.  We  require,  therefore,  a 
further  treatment  with  a  solvent  capable  of  extracting  those  resins  which 
are  insoluble  in  acetone. 

Such  a  solvent  we  possess  in  epichlorhjdrine,  *and  therefore  the  acetone 
extraction  is  immediately  followed  bj  extraction  with  this  solvent  Foi 
this  purpose  it  is  quite  unnecessary  to  dry  the  extraction  thimble  after  the 
acetone  extraction.  As  soon  as  the  flask  containing  the  acetone  extract 
is  taken  off,  a  similar  weighed  flask  containing  about  75  c.c.  of  epichlor- 
hydrine  is  connected  with  the  extractor.  Owing,  however,  to  the  higher 
boiling  point  of  epichlorhydriue  (117°  C),  this  flask  must  now  be  heated 
upon  the  sand  bath,  or  upon  an  asbestos-coated  piece  of  wire  netting. 
Three  hours*  extraction  fully  suffice  to  remove  all  the  residual  resins 
present  The  flask  is  then  removed,  and  the  epichlorhydrine  distilled  off. 
To  avoid  overheating  and  decomposition  of  the  resins  extracted,  the  flask 
is  heated  in  a  paraffin  bath,  the  temperature  of  which  is  kept  at  from  120 
to  122*  C.  Finally,  the  flask  is  dried  for  two  hours  at  110*  C.  after  its 
outside  has  been  carefully  cleaned  by  wiping  it  first  with  filter  paper,  and 
then  with  filter  paper  moistened  with  benzene. 

This  extract  not  infrequently  contains  sulphur  in  organic  combination, 
the  amount  of  which  may  readily  be  estimated  in  the  same  manner  as  the 
sulphur  in  extract  C.  (see  page  244). 

In  proceeding  next  to  the  extraction  with  pyridine,  it  is  advisable 
first  to  dry  the  paper  thimble  and  its  contents,  as  pyridine  and  epichlor- 
hydrine interact  with  each  other.  The  dry  thimble  is  then  replaced  in 
the  extractor,  to  which  a  weighed  flask  containing  about  60  c.c.  of  pyridine 
(B.P.  109  to  111*  C.)  is  fitted.  It  is  heated  upon  a  sand  bath  or  in  an  oil 
bath,  the  temperature  of  which  is  kept  at  from  1 1 6  to  1 20*  C.  Extraction 
being  complete,  which  is  easily  judged  by  the  extraction  thimble  having 
resumed  its  normal  colour,  the  flask  is  taken  off  and  the  pyridine  distilled 
off  in  an  oil  bath  at  a  temperature  not  exceeding  1 20*  C.  The  flask  is 
then  carefully  cleaned  and  dried  until  the  smell  of  pyridine  has  completely 
disappeared,  when  the  weight  of  the  extract  may  be  ascertained. 

Also  in  this  extract  the  sulphur  should  be  determined  whenever  a  fully 
detailed  analysis  is  required.  The  determination  of  the  sulphur  is  carried 
out  in  the  manner  described  on  pa^e  244. 

In  the  residue  from  the  extraction  with  pyridine  we  determine  the 
sulphur  present  in  the  same  manner  as  the  '  total  sulphur  in  rubber '  is 
determined.  The  amount  of  sulphur  thus  found  represents  the  sum  of 
the  sulphur  of  vulcanisation  and  of  the  sulphur  in  the  mineral  matter. 
In  order  to  ascertain  the  sulphur  of  vulcai^ation,  we  must  therefore 
estimate  the  sulphur  contained  in  the  mineral  matter  in  the  form  of  sul- 
phides and  sulphates. 

^  Dichlorhydrine  is  not  so  soitable  on  acoonnt  of  its  high  boiling  point  (177'  0.). 
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To  thk  cod  w«  flnl  daUtmiiM  Um  aiotnl  mitar  In  IIm  «mpb  fay 
iodiieimtiiig  a  wvigbed  quMitilj  Aod  makiog  a  wwaplgto  MMljib  ol  Um  Mb 
in  re^MOl  of  Um  Immm  preMot.  AU  Um  l^d  found  is 
litharge,  Um  antimaQj  m  Um  peotMulphid^  and  Um  oMreiuy  at 
Hulphide.  Aoj  tino  found  inaj  be  proMot  aiUMr  aa  osida  or  tolphkla; 
oaloiom  maj  be  proMoi  aiUMr  at earbooata or anlphata ^ ;  barfaunii] 
oiUMT  aa  oarbooaiab  but  mooh  mors  fraqoaoUj  at  aolphata; 
is  alvajra  pretout  m  oxide.  InformaUoa  upoa  Uiit  point  b  oblaloed  bj 
troating  a  sample  of  the  ebonite  powder  with  warm  hjdroohlorie  atid 
(1  :  3).  Anj  hjdrogen  sulphide  eTolved  will  be  due  to  tbt  prssiaas  of 
lino  sulphide,  erolution  uf  carbonic  soid  to  calcium  osrbonala.  If  no 
barium  passes  into  solution,  this  maj  be  taken  to  prove  that  anj  prsssnt 
is  in  the  form  of  barium  sulphate. 

According  to  the  resultt  thus  obtained,  the  qoanUties  of  sulphur  corre- 
sponding to  the  amount  of  sine  present,  calcuUted  as  sine  solphide,  and  of 
the  amount  of  barium  present,  calculated  as  barium  tulpbids^  togaUMr 
with  any  sulphur  present  in  the  form  of  anUoMnj  peotasolphkia  and 
mercuric  sulphide,  are  deducted  from  the  amount  of  solphor  determiatd 
in  the  residue  F.,  and  the  difference  taken  as  sulphur  of  Tolcsnisstion 
It  is  scarcelj  necessarj  to  poiut  out  that  in  ererj  case  the  respeoUra  per> 
oentaget  must  be  calculated  upon  the  whole  of  the  sample  from  which  the 
residue  F.  is  derived. 

It  oould  not  be  aaid  that  this  method  for  the  detenmnatioo  of  the 
sulphur  of  vulcanisation  in  hard  rubber  is  partioularij  acoorsta.  Tuigibla 
errors  must  be  caused  if  tine  or  barium  should  be  present  in  two  forms  at 
the  same  time.  That  this  ever  occurs  in  respect  of  barium  is  higbljr  im- 
probable, but  IB  perhaps  not  so  very  uncommon  in  respect  to  itnc^  at,  for 
instance,  the  use  of  both  sine  oxide  and  Utbopone  (ZnS,  BsSOJ  in  the 
same  mixing  has  several  pointo  of  practical  import  to  reoommaod  it. 

Bj  way  of  a  further,  but  bj  no  means  verj  accurate,  oontrol  of  the 
amount  of  mineral  ouitter  present,  a  sample  of  the  hard  rubber  is  inoin- 
erated  with  the  same  precautions  as  are  obterred  in  the  oste  of  soft  rubber. 
The  loss  of  weight  is,  of  course,  organic  matter,  togathar  with  the  wbola  of 
the  sulphur  not  present  in  inorganic  combination  In  tba  inttrsst  of 
further  oontrol  of  the  total  of  the  sulphur  determinattoos,  a  detmnin^km 
of  tho  total  sulphur  in  the  original  sample  is  also  desirable. 

We  have  thus  estimated : — 


1.  Kztnet  fktm 

S.  Kztnot  frosi  spiehUwh  jdfiaa 

t.  KxtiBot  (k«B  nrridiM. 

.(a)  Solphor ial. 
{b)  golphoriaSL 


4.  Total  solphor, 


(0  Salpbarial. 

U)  Bolphar  ia  iwiilat  bvm  pjrwm^ 

(6)8alpliaria 


6.   ^iincrai  nMKcr. 

1  QaitoB4aiK{bbMMaatsabo.e»lvdff«si<ia 
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The  differenoe  between  all  these  determinations,  expressed  in  percent- 
from  100,  represents  the  percentages  of  india  rubber  present  in  the 

iple.  Like  all  indirect  estimations,  this  is  also  open  to  a  number  of 
objections  and  errors.  With  normal  samples  these  are  hardly  serious,  but 
in  exceptional  cases  they  may  become  rather  troublesome.  This  simply 
amounts  to  saying  that  there  are  more  limitations  to  our  present  power  of 
analytical  discrimination  of  the  organic  constituents  of  hard  rubber  goods 
than  in  the  case  of  soft  rubber  goods.  Imperfect  as  are  these  analytical 
njcthods  at  the  present  moment,  they  are,  however,  already  a  valuable  aid 
in  gaining  an  insight,  otherwise  unobtainable,  into  the  rationale  of  many  of 
the  crudely  empirical  processes  of  the  india  rubber  factory,  and  in  throwing 
light  upon  an  ever-increasing  number  of  the  many  obscure  phenomena 
observed,  as  well  as  on  the  behaviour,  in  practical  work,  of  manufactured 
india  rubber.  Considering  the  years  of  work  required  to  bring  the  analysis 
of  many  in6nitely  less  refractory  industrial  products  to  a  satisfactory  con- 
clusion, the  results  at  present  obtainable  in  rubber  analysis  are  highly 
gratifying,  but  it  is  neither  a  very  suitable  field  for  the  half-educated  chemist, 
nor  for  the  chemist  who  merely  wants  '  to  do  rubber,'  to  engage  in. 

(d)  Interpretation  op  Analytical  Results. 

Once  the  analytical  figures  have  been  obtained,  we  have  to  interpret  them. 
This  may  be  a  very  simple  operation,  according  to  the  question  the  analysis 
is  intended  to  solve ;  or  it  may  be  a  task  of  extreme  difficulty,  one  at  any 
rate  involving  a  thorough  acquaintance  with  every  known  point  of  the 
chemistry  of  india  rubber,  as  well  as  extensive  practical  experience  in  its 
manufacture.  It  is  an  utter  impossibility  to  discuss  exhaustively  the  in- 
terpretation to  be  placed  upon  every  one  of  the  available  analytical  data, 
or  every  combination  of  them,  so  as  to  embrace  every  possible  case ;  but 
there  are,  with  regard  to  every  one  of  these  data,  certain  features  of 
permanent  significance,  and  these  I  now  propose  to  discuss  in  the  order 
in  which  they  appear  in  the  various  consecutive  operations  of  the  analytical 
scheme  above  set  out. 

1.  Extraction  with  Acetone. — To  the  extraction  with  acetone  I  attach 
considerable  importance.  It  gives  us,  at  the  very  outset,  a  very  fair  idea, 
both  from  the  point  of  view  of  its  quantity  and  of  its  quality,  of  the  general 
character  of  the  sample  under  examination. 

A  sample  consisting  only  of  india  rubber  and  sulphur,  or  india  rubber, 
sulphur,  and  mineral  matter,  always  yields  a  very  clean-looking  extract, 
whatever  kind  of  india  rubber  it  contains.  The  extracts  in  this  case  are 
rather  light  in  colour,  and  do  not  prevent  the  separation  of  the  sulphur  in 
well-formed  crystals.  By  washing  such  extracts  about  five  times  in  suc- 
cession, each  time  with  2  c.c.  of  acetone  in  the  cold,  and  filtering  the 
successive  washings  into  a  weighed  flask  through  a  very  small  filter,  a  very 
satisfactory  separation  of  the  organic  extract,  due  to  india  rubber,  from  the 
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free  Milpbur  proMOl  omj  bt  •flbetttL  In  douUlul  mms  il  is  boI  qaili 
flMj  to  daokb  wbetliar  lb«  tulphar  it  mUmUj  ftm  tnm  all  oi^ato 
impuritiaik  A  good  toiiinthiicaMtetoaddtotlio  Mlpbvr  mUm  io 
the  tkak  aboat  2  0.0.  of  oarboo  bbulphkU»  this  prafomblj  ftlUrad  Uttoafh 
Um  filter  whioh  aerred  for  the  moIoim  WMhio^k  Tbo  mlpbur  alaail 
inslantlj  diaK>lT«i|  and  the  oarboo  bimilfihkla  it  now  •Yaportiid  oo  Um 
water  hath,  and  the  flaak  then  for  a  few  miniitea  dried  in  a  water  oven.  la 
the  abeenoe  of  all  oiganio  matter  the  tulphur  io  the  flaak  it  that  MjaHtrl 
in  the  form  of  giobukr  maatet  of  liquid  (ooUoidal)  tulphnr  adhering  to  the 
tidet.  Thete  globulet  often  peraist  for  dayt  without  eryttalUsiog.  In  the 
prceenoe  of  more  traoea,  even  of  organio  matter,  thete  globulet  art  noi 
obtained,  the  «iil|>bur  at  ooee  forming  tomewhat  indittinetljr  erjrttalliBe 
toalet  on  the  aidea  of  the  gUaa. 

The  arooont  of  organio  eitraot  obtained  from  rubber  tamplet  at  aboire 
deeoribed  dependa,  of  oourte,  entirelj  upon  the  brand  of  India  rubber  attd 
in  their  manufacture,  and  for  thia  reaaon  the  organio  extraet  obtained  from 
tuoh  tamplea  enablee  ua  to  draw  a  general  ooocluaion  of  the  obat  of  rubbtr 
utad  for  their  manufacture,  though  not  of  the  partioular  brand.  Thli^  erta 
with  the  limitation  ttated,  it  alwajn  a  raluable  point  in  rubber  aoaljiia 
Now,  from  the  table  giTcn  on  page  3  of  the  fint  aectiou  of  thia  book,  it 
appeart  that  the  percentage  of  reainoua  extract  jielded  bj  the  fine  gradee 
of  Pari  rubber  ie  Tery  regular  indeed,  amounting  almoat  uniformlj  to  1*3 
per  oent,  but  from  thit  it  mutt  not  be  amumed  that  a  aample  of  manu- 
factured Pari  must,  on  analyaia,  yield  no  more  than  1*3  per  cent  of  organle 
extrtot  It  it  a  common  property  of  all  kindt  of  rubber  to  ahow  a 
oootiderable  inoreate  of  reainout  matter  after  Tulcaniaatioo.  But  in  order 
to  recogniae  the  relation  of  the  reainoua  extract  obtained  to  the  amount  of 
India  rubber  preaent,  the  percentage  figurea  for  theee  two  conttituentt  mui* 
always  be  calculated  teparately,  to  at  to  ahow  the  abeolute  peretntage  of 
reeio  contained  in  the  india  rubber  of  the  aample  alone.  Thua,  a  aample^ 
might  haTO  yielded  the  following  figuroa  on  analyait : — 

India  rabbw,  94-40  pw  Mat 

Oiganio  eztn^t,  1  10 

fkatnlphor,  1 'iS      „ 

Bolphv  of  ndoaaiMtion,  0*84      ^ 

Miaaralflultcr. U'U      « 

At  first  tight  the  amount  of  organic  extraot  found  might  appear  to  bt 
well  within  the  limits  of  the  figure  to  be  expected  for  pure  Pari,  but 
little  reflection  will  thow  that  the  peroentage  of  ofganio  aitiaol  ia 
here  in  rektion  to  the  whole  mixing  inttead  of  in  rthuioo  to  tho  aatooai  of 
india  rubber  alone.  For  thU  reaMO  it  it  adritable  to  append  to  the  per- 
centage figurtt  of  erery  analytit  a  qrnoptical  figure— oifanio  aitnci  ia 
india  rubbei^-ttating  the  perotntaga  of  thia  ooaililaaat  ia  tha  iadla 
rubber  itaelf.    In  thit  way  we  obtain  for  the  ^orfaale  extvtei  hi 
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rubber 'the  figure  4*29.*  This  curious  increase  of  the  *  resiuous  *  matter 
of  iodia  rubber  in  the  course  of  vulcanisation,  which  I  have  already  remarked 
upon  in  an  earlier  paper,*  not  only  occurs  in  Pard  rubber,  but  in  all  brands 
of  india  rubber  generally,  and  it  amounts  in  all  cases  I  have  examined  to 
an  inorease  of  from  3  to  5  per  cent.  The  following  table  contains  the 
figures  of  a  few  typical  varieties  of  india  rubber  after  vulcauisation  with 
10  per  oent.  of  sulphur : — 


Bimnd  of  Rubber. 

Reein  in  Washed 
Rubber. 

Resin  in  Vulcanised 
Rubber. 

P*ri.  fine, 

Upper  Congo. 

Ligoe,                                                 . 

Sierra  Leone, 

Borneo 

1  -2  per  cent 
21       „ 
3-7      ., 
4-6       ,. 
6-1       ,, 
10-8      ,, 

4*04  percent 
6-12      ,, 
7-60 

713      ,, 

9-97       .. 

14-44       „ 

This  fact  discounts  to  a  considerable  extent  the  value  of  the  conclusions 
drawn  in  respect  of  the  india  rubber  contained  in  an  unknown  sample 
upon  the  basis  of  the  resinous  extract  obtained.  On  the  other  hand, 
however,  on  what  is  always  the  most  important  question  in  this  relation 
— namely,  whether  any  one  sample  has  been  manufactured  from  Pard 
— the  percentage  of  resinous  extract  obtained  may  always  be  used  as  a 
very  safe  guide.  The  highest  percentage  of  extract  I  ever  obtained 
from  vulcanised  Pari  never  reached  4*6  per  cent.,  and  always  exceeded 
3  per  cent. 

Of  course  this  increase  in  the  resinous  extract  only  occurs  in  warm 
vulcanised  rubber;  cold  vulcanised  samples  invariably  show  the  normal 
percentages  of  resinous  matter.  The  above  mentioned  increase  is,  as  I 
have  satisfied  myself  by  special  experiments,  chiefly  due  to  the  heating  of 
the  rubber,  and  in  a  lesser  degree  to  the  action  of  the  sulphur,  probably 
upon  the  oxygenated  bodies  which  are  contained  in  the  crude  india  rubber, 
and  which  are  considerably  larger  in  amount  than  the  resins  which  can  be 
extracted  from  it  by  means  of  acetone. 

India  rubber  goods  which  have  undergone  oxidation   always   show  a 

^  It  is  obvious  that  this  figure  is  not  strictly  accurate.  The  technically  pure  india 
robber,  firom  which  the  above  article  was  manufactured,  contains  the  resinous  matter 
subaequently  extracted  as  a  natural  constituent  The  proper  course  would  be,  therefore, 
to  add  the  percentages  of  rubber  and  resin  found,  and  calculate  the  percentage  of  resin 
observed  upon  this  sum.  But  this  would  lead  to  considerable  errors  in  the  case  of 
samples  yielding  large  percentages  of  organic  extract  due  in  small  part  only  to  the  rubber 
present,  but  chiefly  denved  from  free  oils,  fatty  substitutes,  and  the  like  contained  in 
the  sample.  It  is  therefore  all  round  preferable  to  calculate,  as  we  have  done  above,  the 
ratio  between  the  percentage  of  actual  rubber  and  the  percentage  of  organic  extract 
observed.  The  error  thus  introduced  is  smaller  than  the  variations  in  the  percentage  of 
resin  in  crude  india  rubber. 

*  *'0n  the  Analysis  of  India  Rubber  Articles,**  Joum.  Soc,  CKetn.  Ind.,  1894, 
pp.  8650-8658. 
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more  or  \tm  cooriiUmble  fntrmu  ol  Uia  rMboM  tttnoti  and  by  Um 
a  Minpto  has  mflvad  from  OKidatioo  to  iiiob  a  difraa  aa  to  raMlor  K 
daarljr  dafwtlva^  U  will  abow  an  amoonl  of  raaUioaa  matlar  fwy  laifolj  fai 
eioeaa  of  the  nomuUlj  oeoarring  aoMmuta. 

Tba  proaonoa  of  mimrnd  oUa  ia  alvajra  alaarijr  raonfnJaaWa  bj  tiM 
atrong  eolour.  and  partleolarl j  bj  Uia  ohaiaoloriatio  flaetaaaaaea,  tbajr 
impart  to  the  aoetona  aolution.  Tbej  are  aaailj  aeparmiad  ttom  tiM 
roainoua  oooatitueuU  of  tba  eztraot  hj  maana  of  abaolota  aleobol.  Is  wbleb 
thaj  ara  qoita  inaolobla.  In  faot,  thtt  ia  a  very  aatlafaotory  method  lor 
their  aaparatioo  and  eatimatlon. 

Not  infrequently  tba  organio  eztimct  oontAina  ream  oiw  inaiead  ol 
mineral  oila.  Their  preaeooa  ganarallj  betrnya  itaalf  by  tba  bloa  flaor- 
aaoanoa  of  tba  aoetone  aolution.  They  may  ba  mora  daAniialy  UaotlBod 
by  their  Yeiy  obaraoteriatio  odour,  and  atill  better  by  Rmaftoli  reaatko 
with  anhydroua  atannio  ohloride,  with  whioh  they  develop  a  Tary  ftna  and 
intonae  purple  ooloration.' 

Mineral  or  reain  oils  are  f^nently  added  to  india  robber  misiogk 
They  also  form  one  of  the  oonatant  coiistituenta  of  reeovarad  rubber.  Am 
aoon,  therefore,  aa  the  preaence  of  any  of  theaa  oila  ia  obaanrad,  tbia  poiai 
ahould  be  remembered,  aa,  in  conjunction  with  other  criteria  to  ba 
Uter,  it  often  enablea  us  to  pronounce  upon  the  pcaaeooa  of 
rubber  in  a  sample  under  examination. 

Free  fatty  oils  in  the  eztraot  ooour  juat  aa  often  aa  mineral  ofla. 
they  hare  been  added  aa  such  to  the  mixing— tallow  being  alao ooeaaaooally 
used  in  thia  manner — or  they  are  derived  from  fatty  subetitutea 
whioh  contain  from  2  to  U  per  cent  of  aolubla  glyceridea.     Of  oc 
is  also  possible  that  subetitutea  and  free  fatty  oila  are  at  tba  aao 
added  to  a  rubber  mixing. 

The  insolubility  of  these  oils  renders  their  separatioo  from  tba 
extract  a  very  simple  matter.  It  is  effected  by  repeated  treatmaot  with 
absolute  alcohol,  in  whioh  the  fatty  oils,  with  the  exception  of  eaator  oil, 
are  practically  insoluble. 

If  in  these  fatty  oils  the  preaence  of  mineral  oila  ia  aoapactod,  Ihaj 
should  bo  saponified  with  a  few  cubio  oentamatraa  of  aleoholio  oaoalia  aoda. 
This  solution  ia  evaporated  to  dryneas^  the  raridoo  takao  up  with  boiUof 
water,  tranaferred  to  a  email  se|)arating  fonnal,  and  aztiaatad  with  alhar. 
On  evaporating  the  ether,  any  mineral  oil  preaeot  remaine  kfihind  and 
may  be  further  identified. 

If  no  fatty  substitutea  ara  preaant,  any  oila  fbond  In  the  axtcaci  moat 
have  been  added  to  the  rubber  mixing  either  aa  aoeh  or  fas  tiM  fcna  of 
recovered  rubber,  whioh  very  uniformly  containa  aboiii  8  paroaaL  of 


>  AuJDf  noominaiMb  hi  idaes  of  staaab  ehloridt  the  iM  of  siBBais  braaiik 
is  aadly  praparvd  bj  d«hjdimtii«  braniae  with  salpharis  aiiisiiluiiwli  ia  a  aasD 
wpMatiBg  ftanad,  aad  alkfwii«  it  te  fiew,  drop  bydrsp^  apoa  tia  shaviapeMteiaid  ia  a 
ir«U«cool«d  flask. 
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If  fatty  oils  alone  are  present,  the  inference  is  obvious :  in  the  presence  of 
fatty  substitutes,  at  least  part  of  them  will  be  derived  from  these.  If  the 
amount  of  fatty  oils  present  does  not  exceed  10  per  cent,  of  the  amount  of 
fatty  substitutes,  the  addition  of  free  oils  as  such  to  the  rubber  is  very 
improbable. 

It  not  infrequently  happens  that  the  correctness  of  an  analysis  is 
challenged  if  mineral  oils  or  fatty  oils  are  reported  as  present.  This,  of 
course,  can  only  happen  if  the  sample  in  question  contains  recovered 
rubber  or  fatty  substitutes  respectively,  of  the  composition  of  which  most 
rubber  manufacturers  are  blissfully  ignorant.  It  is  therefore  advisable,  in 
preparing  a  report,  always  to  point  out  that  mineral  oil,  if  any  be  present, 
may  or  may  not  have  been  added  as  such.  Similarly,  attention  should  always 
be  called  to  the  relation  of  fatty  oils  to  fatty  substitutes. 

For  manufacturing  pur|K)8es  it  is  comparatively  irrelevant  whether  any 
fatty  oil  found  in  a  sample  to  be  matched  has  been  added  as  such,  or 
whether  it  is  derived  from  the  fatty  substitutes  present,  but  it  is,  of  course, 
necessary  to  ascertain  the  percentage  of  free  fatty  oil  in  the  substitutes 
which  are  to  be  employed,  and  to  make  up  the  deficiency  of  free  fatty  oil, 
so  as  to  bring  it  to  the  proportion  of  the  free  oil  in  the  sample.  If  the 
total  of  free  fatty  oil  in  the  substitute  is,  however,  more  than  the  corre- 
sponding proportion  in  the  sample,  it  is  obvious  that  a  substitute 
containing  less  free  oil  should  be  employed. 

The  same  principle  must  also  be  observed  in  respect  of  the  amount  of 
resinous  extract  ascertained  in  the  sample,  and  it  is  obvious  that  the 
amount  of  resin  contained  in  the  rubber  to  be  employed  must  be  taken  into 
consideration. 

Whether  any  mineral  oil  present  has  been  added  as  sucli  in  the 
manufacture  of  the  sample,  or  whether  it  is  due  to  the  presence  of 
recovered  rubber,  is  a  question  which  at  present  cannot  be  decided  by 
chemical  means.  Often  the  tensile  strength  test  furnishes  indications  on 
this  point. 

The  presence  of  paraffin  wax  or  ozokerite,  of  which  some  samples 
contain  as  much  as  15  per  cent.,  always  betrays  itself  by  the  peculiar 
waxy  character  of  the  extract,  and  also  by  its  comparative  insolubility  in 
cold  acetone.  Not  infrequently  these  hydrocarbons  are  added  to  the 
mixing  in  the  form  of  a  preparation  which  is  now  in  the  market  under  the 
name  of  *  Nantusi,'  but  which  for  a  number  of  years  has  been  employed  by 
several  firms  with  a  great  display  of  secrecy.  It  is  a  quack  *  medicine ' 
against  suncracking,  consisting  of  about  30  per  cent,  of  sulphur  and 
about  70  per  cent,  of  a  mixture  of  paraffin  wax  with  a  small  quantity  of 
bee's-wax  and  tallow.  If  it  is  desired  to  determine  quantitatively  the 
amount  of  paraffin  wax  or  ozokerite  present,  the  extraction  residue  is 
warmed  with  about  fifty  times  its  weight  of  glacial  acetic  acid.  Ail  the 
resinous  and  fatty  extract,  together  with  mineral  oils  present,  is  dissolved. 
The  paraffin  wax,  on  cooling,  separates  out  almost  quantitatively,   1  part 
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of  it  requiring  1668  purli  of  aoHie  told  for  ■oltttioa.*  Tb«  aokilioo  b 
filterad  off  through  «  wuM  ftJUr,  tUuk  and  ftlt«r  mn  «Mh«l  vith  a  litUt 
•oetio  add,  tho  filtor  plaood  upoo  the  flask  onnUinfa^  Iho  paimfta  vmi,  aad 
anj  partiolat  of  the  Utter  whieh  are  upoo  tho  flltar  irMhed  hMk  vHh  abo«l 
50  e.0.  of  warm  carbon  bbulphkU.  The  latt«r  it  tb«i  dlHilled  oC  Md  iIm 
tMMk  dried  and  weighed. 

Ineideotallj  it  maj  be  of  inteiwt  to  remark  upon  the  eAel  ol  punfla 
wax  in  rubber  mixtnga  It  liee,  brieflj,  ia  the  fMt  that  india  rubber  aod 
paraffin  wax  will  not  intermix  bomogeoeonalj  to  form  a  aott  of  i^M4it 
oulutioo.  Indeed,  india  rubber  ii  quite  insoluble  in  paraffin,  aod  therelbfw 
does  not  abeorb  it  as  it  abeorbe  a  iolTent.  As  the  result  of  thk,  there  is  a 
distinct  tendency  in  compounding  india  rubber  aod  paraffin  wax  for  the 
Utter  to  be  oqueesed  out  of  the  mixing.  This  is,  indred,  what  happem  if 
an  excess  of  paraffin  wax  is  used.  What  rspressota  ao  axasssivc 
depends,  howcTer,  Urgelj  upon  the  other  ooaatHiMotB  and  their 
in  the  mixing.  Now,  under  the  influence  of  the  beating  of  the  mixing  upoo 
tho  rollora,  the  paraffin  wax  melts,  aod  bjr  capillary  action  fllls  the  pons  of 
the  mixing,  thereby  greatly  reducing  the  abeorpiiTO  power  of  tho  oman* 
fsotured  india  rubber  for  water  and  oxygen.  The  oflbet  of  this  k^ 
of  course,  to  correspondingly  reduce  the  liability  of  such  India  rubber  lo 
oxidation  in  general,  and  to  sunorackiiig  in  particular,  which,  as  I  hat* 
already  pointed  out,  is  simply  oxidation  accelerated  by  the  inflnenco  of  tho 
actinic  rays  of  the  sun.  There  is,  however,  this  disadTantagii^  that  this 
immunity  against  oxidation  is  obtained  at  the  expense  of  tensilo 
This  result,  which  any  physidst  might  at  once  predict  lor  a 
of  two  bodies  of  the  nature  of  paraffin  wax  and  india  rubber  intsraiingja^ 
is  iu  some  esses  quite  immaterial,  although  objectionable  in  the  higheK 
degree  in  others.  In  bicycle  tyres,  I  have,  in  a  large  number  of  esas^ 
obserred  a  reduction  of  tensile  strength  amounting  to  more  than  00  pv 
cent  Under  the  most  favourable  conditions  of  manufacture,  this  may  be 
reduced  to  about  30  per  cent,  which  is  still  quite  prohibitive  in  an  aitiolt 
requiring  to  withstand  so  much  wear  and  tear. 

II.  Extraction  with  Pyridine.— Additions  of  tar—both  coal  tar  aod  that 
obtained  in  the  destructive  distillation  of  wood  (Stockholm  tar)  -  and  pileh 
are  frequently  made  to  rubber  mixinga.  Their  action  oondiii  In  IIm 
facilitating  of  the  mixing  0()eration,  and  also  in  the  reduction  of  tho  poroiilgr 
of  the  manufactured  india  rubber.  A^ihaltom  is  also  nocnsionslly  and  fsr 
thia  purpose,  but  its  advantage  is  not  very  apparsnt 

The  tar  is  often  added  in  its  crude  conuneroial  slali 
frequently  the  pUn  is  adopted  of  thickening  it  bj  oontinned 
generally  with  addition  of  resin,  unUl  it  fbrms»  when  cold,  a  aosf«aly  taokj, 
semi-eUstio,  but  not  brittle,  man.  In  ndng  npbeltmn,  no  Mch  opnallon 
is  required,  as  the  asphaltum  of  oonunam  ahm47  fc"**  •  k**^  '••7  Willi 
body  which  can  easily  be  powdered.  According  to  Hmcaigim, 
>  Pawlbwsxi  uid  FiLBamiowia^  Mm,,  ssi.  p.  SfTIb 
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18  much  used  in  large  proportioos  in  india  rubber  mixings;  but  as  far 
as  the  author's  ezperienoe  goes,  it  tends  to  show  that,  at  any  rate  in  soft 
rubber  goods,  its  use  is  of  the  rarest  occurrence.  It  may  possibly  find  a 
somewhat  more  extensiye  employment  in  liard  rubl)er  goods,  but  its 
advantage  in  such  mixings  over  many  other  organic  'filling  agents'  is  by 
no  means  clear. 

It  is  in  most  oases  impossible  to  decide  whether  crude  or  boiled  tar  has 
been  added  to  a  sample,  but  it  is  safe  to  assume,  in  the  absence  uf  contrary 
evidence,  that  in  'spread'  goods  the  former,  and  in  moulded,  calendered, 
or  '  built  up '  goods  the  latter,  has  been  employed. 

Not  infrequently  coal  tar  contains  a  considerable  amount  of  car- 
bonaceous matter  which,  of  course,  is  not  extracted  by  the  pyridine. 
This  carbonaceous  matter  is  encountered  in  the  subsequent  estimations, 
and  there  is  no  possibility  of  distinguishing  it  from  lamp  black,  which  may, 
or  may  not,  be  present  at  the  same  time.  Of  this  carbonaceous  matter 
crude  gas  tar  contains  generally  about  15  per  cent.,  but  as  much  as  35 
per  cent,  have  been  found  occasionally.  Boiled  tir  contains  about  20  per 
cent  of  it  Considering  that  the  proportion  of  tar  added  to  rubber  mixing 
varies  in  the  vast  majority  of  cases  from  0*5  to  1  per  cent,  of  the  total 
mixing,  and  only  in  quite  exceptional  cases  amounts  to  2  per  cent.,  it  is 
evident  that  the  possible  error  due  to  this  carbonaceous  matter  is  so  small 
that  it  is  without  any  sensible  influence  upon  our  determinations. 

Incidentidly  it  may  be  mentioned  here  that  it  is  sometimes  desirable, 
for  manufacturing  purposes,  to  know  the  amount  of  carbonaceous  matter 
contained  in  either  crude  coal  tar,  or  in  the  boiled  tar,  or  in  coal  tar  pitch, 
which  is  also  occasionally  used  in  rubber  mixings.  This  can  be  ascertained 
by  mixing  5  grms.  of  the  tar  with  1 5  grms.  of  aniline,  or  by  boiling  5 
grms.  of  the  boiled  tar  or  pitch  for  a  few  minutes  with  25  grms.  of  aniline, 
and  pouring  the  solution  in  a  small  dish  of  unglazed  porcelain.  The 
solvent,  together  with  the  soluble  constituents  of  the  tar,  is  absorbed  by 
the  porous  dish,  while  the  carbonaceous  matter  remains  behind  as  a 
coherent,  laminated  mass,  which,  by  means  of  a  horn  spatula,  can  be  trans- 
ferred without  any  loss  to  a  weighed  watch-glass,  and  after  several  hours' 
drying  in  a  water  oven,  weighed  until  constant. 

III.  Extraction  with  Alcoholic  Potash. — This  extract  contains  what  is 
at  present  the  most  important  class  of  organic  filling  materials  for  rubber 
goods,  and  which  comprises  the  triglycerides  of  a  variety  of  unsaturated 
fatty  acids  transformed  into  fairly  resilient  and  insoluble  compounds,  either 
by  the  addition  of  oxygen,  of  sulphur,  or  of  sulphur  monochloride. 

Of  these  three  classes  of  fatty  substitutes,  the  oxidised  oils  and  the 
chloroeulphides  (white  substitute)  may  occur  in  either  warm  or  cold  cured 
goods;  the  sulphides  (brown  substitute)  are  found  in  hot  cured  goods 
only.     Not  infrequently  mixtures  of  two  of  these  substitutes  are  used. 

The  identification  of  these  substitutes  in  the  extract  depends  upon  the 
&ktty  acids  obtainable  from  the  saponification  products  still  possessing  the 
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itial  ehMiloal  obaiMltritliei  of  Um  offifiBd  MibMtv^    W#  tibifaw 
find  that: 

1.  Th«  fatty  adds  oblaliiad  from  csidimd  oils  aro  iiilMr  MlUtj  hm 
from  sulphur  or  chlorine  or  oootain  only  rmj  mnall  qwuitltka  of  thtm 
elomeola,  tlia  prmwun  ol  which  it  duo  to  the  inflnonoo  oT  tho  oolphor.  or  d 
the  ohlorido  of  ■olphnr,  upon  tho  oikliiad  oU  dsriiv  lU  pfnc—  ol  wt- 
oanhatioo.  In  oiidiaad  oil  tubatitQUa  tho  pofMBtngaa  ol  ohMM  or 
sulphur  preaent,  thorsforo,  rarely  esoood  0*6  per  esot. 

2.  The  hUj  addt  fhmi  tho  cUsa  ol  sabrtitatis  wUoh  I  dmsribsd 
as  tulphid$  mUHhiim  (brown  substitntos)  eontain  stntialljr  tho  aamo 
quaiititj  of  sulphur  as  the  substitutes  themoalTsa— iA,  f^m  abont  4 
to  9  per  oent— but  thej  are  eottrelj  free  from  ehlorios^  or,  at  IsmI^ 
praoticallj  so. 

3.  The  fattjr  adds  of  the  ehhnmUf>hids  tnbMmim  (white  sobstatnUs) 
still  oontatn  prsotioallj  the  whole  of  tho  solphor  ol  tho  original 
but  tho  greatest  part  of  the  chlorine  has  boon  oliminafod  by  tho 
fieation  procsaib  *n<i  oao  be  determined  in  the  sapooifioatioo  Ikpioci  by  tho 
usual  means. 

It  will  be  seen,  therefore,  that  the  identiScattoo  ol  tho  okiiaad  oQ 
substitutes  and  of  the  sulphide  substitutes  offers  not  the  least  dilBeQlQr  H 
they  are  present  by  themselyes  only.  Equally  simple  is  tho  dstaotioe  ol 
ohlorosulphide  substitutes  in  cold  cured  artieles.  but  thoir  oaa  in  hot  cand 
goods  is  apt  to  lead  to  not  inconsiderable  analytical  compUcataoosw 

It  has  been  shown  (me  page  146)  that  the  ohloraalphlde  snbstitutss  at 
vulcanising  temperatures  CTolve  a  more  or  less  cooshlenblo  pwpottfao  ol 
their  ohknine  in  the  form  of  hydrochloric  aeid.^  HinBiqm*  anrwlMd, 
erroneoosly  however,  that  the  chlorine  thua  evolTod  ia  altogothsr  loiL  la 
fact,  scarcely  a  trace  of  it  diaappoan^  it  being  almost  completely  taken  op 
by  the  india  rubber  forming  a  polyprene  hydrochloride.  If  such  a  sample 
should  contain  at  the  same  time  substancea  like  sine  white  or  Uthari^  a 
small  but  distinct  proportion  is  absorbed  by  these  compounds.  Anyhow, 
it  will  be  oboenred  that  in  oases  like  these  onfy  the  mlphor  ol  tho 
substitute  is  found  where  we  should  eipeot  it,  tho  ohiotino  having 
migrated  to  the  india  rubber  to  such  an  extent  tluU  its  prsienoe  is  oithv 
not  recognised  at  all,  or  misiuterpreted  as  being  duo  to  tho  mleanisathm 
of  the  sample  by  the  cold  procees.  Tho  oonseqnenoo  ol  this  mistake  is 
the  mi«inter)>retation  of  the  chloride  substitute  as  a  aulphide 

It  is  therefore  evident  that  for  the  purpoee  of  diatingnishing 
sulphide    substitute  and  a  chloroeulphide  sabstitnto^ 
beyond  that  obtainable  from  the  oomponenta  ol  tho  ostiaet  derivod  firoa 

*  ChloroMilphida  nbttitatia  prvpand  fhaa  ^UktmX  sQs  ikM 
T»riatioBS  rMpaetlag  the  importfoa  of  thdr  loCal  shlarias  fb«i  «f  by 
vyoaaiiiBg  tapHatana.    Thai,  eolaa  oO  sabilitalM  \m  thmX  m  fm  tm 
aMd  sdatitatsi^  aboQt  M  par  emi;;  oaslor  ofl  SBbrtilali%  piMteQy  the  whala  «l  Ikak 
chkriaa. 
•  aUmu  M$ik,  1898,  No.  40. 
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the  treatment  with  alcoholic  caustic  potash  is  required.  It  will  be  seen 
that  this  information  is  yielded  partly  by  the  estimation  of  the  sulphur  and 
chlorine  in  the  india  rubber  (section  VI.  of  the  analytical  scheme  on  page 
255),  partly  also  by  purely  technical  considerations. 

In  this  reUtion  it  is  clear  that  if  there  is  no  chlorine  in  the  india 
nibl)er  in  a  quantity  about  equal  to  the  amount  of  sulphur  in  the  saponi- 
fication extract,  the  substitute  indicated  by  the  latter  cannot  be  a  chloro- 
sulphide  substitute,  but  must  l>e  a  sulphide  substitute.  Of  course  it 
might  be  suggested  that  a  rubber  article  containing  a  sulphide  substitute 
might  be  yulcauised  with  chloride  of  sulphur,  in  which  case,  according  to 
the  above  proposition,  the  substitute  would  be  misinterpreted  as  a  chloro- 
sulphide  substitute.  I  have,  however,  already  stated  that  sulphide 
substitutes  are  unsuitable  for,  and  therefore  never  used  in,  mixings  to  be 
vulcanised  by  the  cold  process.  As  there  is,  however,  no  telling  what 
might  or  might  not  be  attempted  in  rubber  mixings,  attention  should  be 
drawn  to  the  fact  tliat  cold  cured  rubber  goods  yield  either  no  free  sulphur 
at  all,  or  only  quite  infinitesimal  quantities  of  it,  in  the  acetone  extract. 
On  the  other  hand,  both  sulphide  substitutes  and  hot  vulcanised  india 
rubber  goods  contain  substantial  amounts  of  free  sulphur,  so  that  in  such 
a  doubtful  case  the  amount  of  sulphur  in  the  acetone  extract  would  not 
fail  to  attract  attention. 

Of  course  where  there  is  no  chlorine  to  be  found  in  the  india  rubber, 
the  identification  of  the  substitute  from  the  indications  furnished  by  the 
saponification  extract  is  perfectly  simple  and  obvious.  In  a  very  large 
number  of  cases  the  interpretation  is  at  once  simplified  by  the  fact  that 
the  article  under  examination  is  of  a  thickness  which  would  not  admit  of 
its  vulcanisation  by  the  cold  process,  which  is  applicable  only  to  very  thin 
rubber  structures,  such  as  waterproof  cloth,  tobacco  pouches,  toy  baloons, 
and  the  like.  Articles  of  greater  thickness  can  only  have  been  produced 
by  the  process  of  hot  vulcanisation,  and  any  chlorine  they  contain  must 
be  derived  from  chlorosul[)hide  substitutes  in  them. 

The  presence  of  a  chlorosulphide  substitute  in  a  cold  cured  sample  of 
india  rubber  is,  of  course,  equally  simple  to  detect.  It  is  characterised  by 
the  fact  that  chlorine  and  sulphur  (not  including  the  sulphur  in  inorganic 
compounds)  are  present  in  approximately  equal  amounts,  the  total  of 
which  is,  however,  considerably  in  excess  of  the  corresponding  total 
which  could  be  due  to  the  chlorosulphide  substitute  alone.  Nevertheless, 
it  must  be  stated  that  this  circumstance  alone  is  not  invariably  sufficient 
to  arrive  at  a  certain  conclusion,  for  the  simple  reason  that  the  sum  of  the 
percentages  of  chlorine  and  sulphur  in  chlorosulphide  substitutes  may 
vary,  according  to  the  nature  of  the  oil  employed,  from  about  8  to  18  per 
cent.,  although  the  bulk  of  the  chlorosulphide  substitutes  give  figures 
varying  within  a  narrow  margin  around  an  average  of  about  1 5  per  cent. 
Conclusive  evidence  is,  however,  to  be  found  in  the  fact  that  in  a  sample 
constituted  as  above,  the  ratio  of  chlorine  to  sulphur  in  both  sa{)onification 
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eitnujt  and  in  the  retidtuU  Indk  rubber  it  ApprodoMtelj  Um  mmm  m  km 
■ulpbur  rooooohloride-— •.<,,  vulphur  ii  praMiil  fai  abovl  «qu«l  part^ 

If  A  iMBpld  eotttaiiM  mixlurM  ol  tb«M  variow  Ibtty  Mhrtilvlii^  tMr 

idtDtiflealioo  baOOOMI^  of  OOUIM,  aooMwhat  mora  diK^ulL  mnd   iodttd,  !• 
certain  limiting  oum  prmctloallj  inipo«ibU 

The  mtHmt  to  detect  are  mixturea  ol  tbe  elUoroaul|>hido 
with  either  the  oxidiaed  oil    aubatituiea    or   the  anlphido 
Mizturea  of  both  theae  deaoriptJona  are  f^ueotlj  need  io 
gooda. 

The  praaanot  of  oxidiaad  oil  aobaUtataa,  iogethar  with  eUoraaalpyda 
iubititutca,  haa,  of  coiirae,  aimplj  the  affMl  of  making  the  nlfo 
the  total  fattj  aubttituto  preeent,  indntiTa  of  the  eblorina  io  the 
rubber,  and  (he  aum  of  the  aulphor  and .ehloriot  in  theov  tppMr  pio- 
portjonately  low.  We  obvioualj  obtain  the  quantitj  in  whiab  eaoh  of 
theae  anbatitatea  ia  preaent  bj  caloiilaring  the  amount  of  ehloroaiilpUda 
aobatitute  oorreaponding  to  the  aum  of  Um  aolphur  and  ehloriM  Im  tba 
aabatitute.  In  doing  thia,  the  aum  of  thaae  eooaUtueota  ia  a  ooroMl  attb> 
atitnta  ia  taken  to  amount  to  15  per  oant,  and  bj  moltipljing  the  ami  of 
theae  oooatitoenta,  aa  analjticallj  aacertained,  bj  the  liMlor  6*^  we  oblaia 
the  quantity  of  nonnal  ohloroaulphide  preMnt  The  diflhwnea  batwaan 
thia  product  and  the  total  amount  of  sulMtittite  aaottrtainad  la  aiimud  la 
be  oxidiaed  oil  aubatitute. 

Thia  might  appear  a  rery  arbitrary  proceeding,  teeing  that  dUofo- 
aulphide  aubetitutea  themaelTea  may  contain  Tory  much  lev  than  15  par 
cent  of  chlorine  and  sulphur  ooUoctiTely.  But*  in  reality,  thia  prDcadora  ia 
not  ao  arbitrary  aa  it  looks.  It  ia  only  the  chloroaulphidat  of  the  tH- 
glyoeridet,  of  oxy-acida,  or  of  partially  oxidiaed  (blown)  oik  wliich  ooolahi 
leea  than  15  per  cent  of  sulphur  and  chlorine  combined;  and  althongb, 
from  the  point  of  Tiew  of  ultimate  ohemical  oonatitntion,  thia 
would  perhapa  not  be  permiaaible^  I  havt  in 
experiments  nerer  been  able  to  diacorer  the  alighteat 
the  effect  in  a  rubber  mixing  of  a  certain  weight  of  (aoppoatd) 
oat  chloroeulphide  substitute  containing  only  9  per  oeot  of  oblofint  tod 
sulphur  combined,  or  an  equal  weight  of  a  mixture  of  60  parte  of  nonBtl 
subetitute  (containing  15  per  cent  of  chlorine  and  aulphur  combined)  with 
40  parte  of  oxidised  oil  substitute.  In  fact,  the  above  calenlatioo  may  be 
taken  in  the  aenae  of  either  of  theee  two  poaaibilitiea  from  the  portly 
analytical,  aa  well  aa  from  the  technical,  pointt  of  Tiew. 

The  very  frequently  occurring  preeence  of  a  mixture  of  tnlphidt  tdb> 
atitote  and  chloroeulphide  aabatitute  in  rubber  aamplea  ia  aqoaQy  ttty 
to  ettablisb.  As  the  sulphidt  aabatitute  alao  oootatna  aolphar,  it  k  eridtBt 
that  we  must  calculate  the  amount  of  ohkxoaolphide  aabatitula  preaent  by 
eakmUtiQg  the  amount  of  ehkiroaolphide  aohatitttto  oorrtapoodiaf  to  the 
amount  of  chlorine  preaent,  taking  in  tUt  etta^  of  eoan%  Ibt  BoramI 
chlorosutphide  aubetitute  aa  containing  7*5  per  oeoU  of  ohlofteti    TW 
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difference  between  the  amount  of  chlorosulphide  substitute  thus  oaloulated 
and  the  total  amount  of  substitute  as  estimated  represents  the  amoimt  of 
sulphide  substitute  present. 

India  rubber  articles  containing  mixtures  of  oxidised  oil  substitutes  and 
sulphide  substitutes  are  always  hot  vulcanised.  The  characteristic  feature 
of  the  saponification  extracts  lies,  in  this  case,  in  the  abnormally  low  per- 
oentage  of  sulphur  in  the  fatty  acids.  But,  in  the  chapter  on  india  rubber 
substitutes,  I  have  shown  that  the  amount  of  sulphur  in  the  sulphide 
substitutes  (brown  substitutes)  is  apt  to  display  as  great  variations  in  the 
percentage  of  sulphur  as  do  the  chlorosulphide  substitutes,  in  respect  of 
the  percentage  of  the  sulphur  monochloride  they  contain,  and  for  the  same 
reasons.  Sulphide  substitutes  prepared  from  the  unsaturated  oils  in  their 
natural  condition  contain  much  more  sulphur  than  those  prepared  from 
partially  oxidised  (blown)  oils.  If  we  take,  therefore,  the  percentage  of 
sulphur  of  a  normal  sulphide  substitute  as  15  per  cent.,  and  calculate 
upon  this  basis,  and  upon  the  basis  of  the  amount  of  sulphur  ascertained 
in  the  saponification  extract,  the  amount  of  normal  sulphide  substitute 
present,  the  figiire  thus  arrived  at,  deducted  from  the  total  saponifica- 
tion extract,  gives  us  the  amount  of  oxidised  oil  substitute  present. 
In  this  case  also  such  an  interpretation  may  be  chemically  correct, 
although  not  so  technically.  In  other  words,  in  the  manufacture  of  the 
sample,  a  sulphide  substitute  prepared  from  a  partially  oxidised  oil  may 
have  been  used,  and  not  a  mixture  of  a  normal  sulphide  substitute  and  an 
oxidised  oil  substitute.  On  the  point  of  fact  this  ambiguity  is  quite 
irrelevant,  as  the  same  technical  effect  is  obtained  in  either  case. 

Occasionally  it  may  be  desirable  to  characterise  somewhat  more 
definitely  the  nature  of  a  substitute  contained  in  manufactured  india 
rubber.  This  is,  however,  only  worth  attempting  in  cases  where  the 
analysis  has  shown  one  only  of  these  substitutes  to  be  present.  To  identify 
the  oils  fVom  which  fatty  substitutes  have  been  prepared  in  mixtures  of  the 
free  acids  of  the  latter,  our  present  methods  of  oil  analysis  are,  however, 
quite  inadequate. 

Where  an  examination  in  this  direction  appears  desirable,  the  most 
satisfactory  method  consists  in  submitting  the  free  fatty  acids  isolated  from 
the  saponification  extract  to  HObl's  iodine  absorption  test.  The  pre- 
liminary operation  is  carried  out  as  follows : — 

The  saponification  extract  is  evaporated  to  dryness,  redissolved  in 
water,  the  solution  acidulated  with  dilute  sulphuric  acid,  and  extracted  in 
a  separating  funnel  with  ether.  The  ether  solution  is  dried  by  adding  to 
it  some  granulated  calcium  chloride,  and  allowing  it  to  stand  for  a  few 
hours.  It  is  then  filtered  through  a  dry  filter,  the  ether  evaporated,  and 
the  residue,  consisting  of  the  fatty  acid  of  the  substitute,  then  dried  for  a 
short  time  in  a  water  oven  until  all  smell  of  ether  has  completely  dis- 
appeared. 

A  part  of  this  extract  is  weighed  in  a  flask  and  subjected  to  the  iodine 
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abmrptioo  test,  Ibr  Um  (U«dk  of  wbieb  mm  ■teotbid  work  00  dl  aa^jib 
ihould  be  ootMoltod.!    Tbe  flguras  thni  obliiiMd  dbonld  bt  Msptivd  with 
the  k>dine  AbMplioa  or  tho  (»Uy  Mkb  ol  nbilltatMol  IniD^ 
▲  few  lueb  deUnnioAtloM  are  given  in  Ibe  ttble  00  !«§•  H7. 

IneidenUll J  it  nej  be  remurfced  here  tbel  before  eepooifjriiif  e  hUy 
eubetitiite  for  the  purpoMe  of  the  above  determtnetion,  it  ie  ebeolutelj 
eeeeotial  to  firet  eabmit  the  eabilltoto  to  to  ezttsetioo  with  eeetoae  eo  ee 
to  remote  fkee  fktty  oik  end  enlpbnr.  Unleee  thie  ie  dooe^  the 
abeorptioD  etandarde  are  uaeleei  for  oomparieoo  with  the 
figuroe  obtained  with  the  free  fettj  edde  eztraoted  from 
india  rubber  bj  meane  of  alooholio  potaeh. 

IV.  Bztraotkm  with  Nitro-naphthnlene.— The  ettmctlon  with  nitfo- 
naphthalene^  or  boiliog  nitrobeniene,  raeolti  in  the  eolntte  of  the 
Tuloanieed  india  rubber  in  the  eoltent  named.  The  pmojee  ie  not 
attended  bj  the  evolution  of  eeoeible  quaoUtiee  of  hydrogen  anlpUde  or 
hTdroohloric  acid.  If  the  eample  dieeolvee  without  leaving  an  appreoiahle 
amount  of  mineral  reeidue,  the  minaral  matter  praeent  eannoi  eieeed  1  pv 
oent,  and  thie  reeult  ahould  be  oonllrmed  bj 
quantity  of  the  eample^  the  amount  of  aeh  obtafaied  bj 
a  matter  of  f aot»  eeeing  that  thie  method  of  eeparating  faidia  rubber  and 
mineral  matter  still  suffen  from  Tariooe  diflieultiee  and  drawbeeki^  it  ie 
adviaable  to  check  the  result  of  thie  eztraetion  in  everj  caee  bj  an  in- 
dneratkm  test  Indeed,  in  all  ceeee  not  calling  for  a  detailed  analjrie  of 
the  mineral  matter,  the  inotneratko  method  maj  be  enhrtitwted  for  lUt 
extraction  method. 

Of  far  more  importance  than  the  investigatioo  of  the  mineral  raddne 
would  be  a  method  enabling  us  to  differentiate  between  the  wioui  beaiidi 
of  india  rubber  which  may  be  preeent  in  the  nitrobemene  eolntion.  Al 
present  we  poesees  no  such  method.  In  the  first  pert  of  thie  book  I  have 
shown  that  the  chemical  behaviour  of  the  variona  kinda  of  india  rubber, 
apart  from  the  rseolte  of  vulcanising  process  yielda  not  the  eUghteet  due 
to  indicate  anything  like  a  chemical  difference  between  the  hjdrocarbone 
forming  the  chief  constituent  of  the  numerous  brande  of  india  rubber. 

Nor  doee  thie  difficulty  become  Icm  if  we  eonekier  the  qneetkm  of 

differentiating  between  the  proportions  of  new  rubber,  and  reeovered,  or 

simply  ground  up  waste  rubber  (rubber  dust)  in  a  given  sample^    Bat 

while  the  former  problem,  the  identifioatkm  of  the  brend  or  biaade  of 

india  rubber  in  a  manufactured  sample,  mnat  at  prseent  be  eontned  to 

attempting  to  decide  as  to  whether  the  faklk  rubber  ie  Pari  rubber  or  not» 

the  probability  is  that  the  eecond  problem,  the  deteotten  of  rsooferod 

rubber  in  manufsotnred  arUdeo^  will  before  very  h»g  beoooe  imenable  to 

analytical  treatment     What  ie  partleuUurly  required  for  thb  pnrpoM  h  a 

careful  study  of  the  relation  of  the  eoeflkient  of  vulcanisation  to  the 

tensile  strength  of   the  varioua  bruida  of  india  rubber,  UkawiM  Ibt 

>  LicwKowiTMn*ii  An02mi§  t/Offt,  fkte.  mmi  Wamm,  Sad  «!.  188fu 
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inflaenoe  upon  the  Bame  oonstant  of  admixtures  of  fatty  and  other 
substitutes,  and  of  mineral  matter.  Hbinzbrlino  and  Pahl's  tables  ^  are 
a  fint  step  in  this  direction,  though  not  sufficiently  methodical  for  the 
purpose. 

Particularly  instructive  is  the  determination  of  the  tensile  strength 
(breaking  strain)  in  conjunction  with  the  elongation  or  stretch  of  the 
nmple  under  test  at  the  moment  the  break  occurs.^  In  this  respect  I 
have  observed  that  while  the  addition  of  recovered  rubber  does  not  particu- 
larly affect  the  tensile  strength,  it  reduces  the  corresponding  elongation 
the  more  markedly,  the  higher  the  proportion  of  recovered  rubber  present. 

The  appearance  of  the  surface  of  the  rupture  is  also  often  highly 
characteristic.  The  peculiarly  smooth,  often  almost  greasy-looking  rupture 
of  articles  containing  fresh  rubber  only,  rapidly  disappears  and  becomes 
characteristically  rough  as  the  admixture  of  recovered  rubber  increases. 
Admixture  of  '  rubber  dust '  is  always  easily  recognisable  by  a  micro- 
scopical examination  of  a  freshly  ruptured  surface.  A  low  magnification 
of  about  30  diameters  is  quite  sufficient.  This  is  obtained  with  an 
objective  of  about  8  mm.  (J  inch)  focus. 

All  the  samples  of  recovered  rubber  I  have  examined  contain  oil  of 
one  kind  or  another,  generally  mineral  oil  or  petroleum  jelly,  not  un- 
commonly resin  oil,  comparatively  rarely  fatty  oils,  in  quantities  of  from  d 
to  10  per  cent,  and  more.  But  it  is,  of  course,  rarely  possible  to  decide 
with  certainty  whether  any  such  oil  discovered  in  the  course  of  analysis  is 
due  to  the  presence  of  recovered  rubber.  Considering,  moreover,  that  an 
admixture  of  10  per  cent,  of  recovered  rubber  would  in  the  analysis  yield 
I  per  cent,  of  mineral  oil  only,  it  is  obvious  that  no  definite  conclusions  can 
be  based  upon  the  presence  of  the  above  named  oils  in  a  sample. 

Already,  in  the  chapter  on  rubber  substitutes,  the  fact  has  been  men- 
tioned that  recovered  rubber  undergoes  vulcanisation  just  like  fresh 
rubber.  In  the  same  place  I  have  pointed  out  that  the  description,  often 
to  be  met  with,  of  recovered  rubber  as  *  devulcanised  *  rubber  is  a 
fraudulent  misrepresentation,  as  the  *  recovery '  process  leaves  the  sulphur 
of  vulcanisation  quite  unaffected.  It  is  therefore  obvious  that  in  many 
cases  rubber  goods  manufactured  with  a  large  percentage  of  recovered 
material  exhibit  an  abnormally  high  percentage  of  sulphur  of  vulcanisa- 
tion (coefficient  of  vulcanisation).  This  is,  therefore,  a  fairly  reliable  in- 
dication of  the  presence  of  recovered  rubber,  provided  the  result  of  the 
tensile  strength  test  does  not  indicate  overvulcanisation.  As  a  very  large 
proportion  of  the  commercial  recovered  rubber  is  manufactured  from  worn 
goloshes,  the  india  rubber  of  which  always  possesses  a  high  coefficient  of 
vulcanisation,  the  result  indicated  above  will  frequently  be  observed  ;  it 
fails,  however,  if  the  recovered  rubber  has  been  produced  from  rubber 
articles  possessing  a  low  coefficient  of  vulcanisation. 

>&i  page  164/. 

*  TIm  machine  described  on  page  216  famishes  both  these  data  in  one  test 
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Gold  mloMiiMd  nibbar  wmU  it  alto  wbwrimd  to  mrium  *\ 
pmeewtt,  And  Ihe  prodotfli  wn  Affsln  lattd  ia  Um  mmnho^of  of  «ol4 
▼uloAoiaad  goodf^  In  thb  mm,  bow«?«r,  Ibo  dttooHoo  of  Um 
offort  DO  diflloultj.  Gold  vnloiniMd  nibbir  lo  Um  fooofiry 
prAotioftUjr  tho  whole  of  ito  ohlorini^  and  onmognontly  la  oold 
rubber  |{oodt  eooUlnliig  this  kind  of  reooveced  rubber  the  oonml  niio 
beiwen  ■ulphor  end  oblorine  no  longer  mktiM,  Um  tnlpbor  eooeldefeblj 
prepondereting.  Of  oooiee  ibis  raeult  woold  be  nuieb  the  eeme  if  ordfn&nr 
rooovered  rubber  were  ueed  in  oold  cured  rubber  goodt. 

V.  Bziraotfam  with  BoOing  Water.— The  eitiael  obuined  to  iom 
operation  eoeroelj  oells  for  enj  eomment  I  em  nol  awaie  that  either 
ftuina,  or  dextrine,  which  it  onlj  Teiy  ruelj  preeent»  are  more  thaa  OMie 
filling  materials  in  a  rubber  mixiog,  with  nothiog  to  reewnmead  them  fbr 
the  purpoee. 

VI.  Mineral  Ifatter.—This  group  eompriem  filling  materiaK  Inoffude 
eobstanoee  acting  as  filling  materials  and  ai  the  same  time  ee  oolphar 
carriers,  sulphur  carriers  proper,  and  oolouriag  metfeii 

The  first  of  these  three  groupe  oalls  for  no  special  rsemrin,  aad  eaeb 
points  a«  refer  to  the  influenoe  of  theee  filling  materiala  npoo  the  be* 
haviour  of  the  manufaoturod  goods  under  the  various  oonditioos  of  their 
practical  nam  will  be  better  discussed  in  the  next  chapter. 

It  maj  be  taken  that  all  the  sulphidee  of  the  heavy  metak— aotahly 
thoee  of  antimony,  lead,  and  tine — act  as  sulphur  carrien.  So  do^  to  a 
leaser  degree,  all  lead  compounds,  owing  to  their  partial  coa?enioa  lata 
lead  sulphide  during  the  procem  of  Tulcanimtion.  I^ead  oxide  (lithaifs) 
in,  in  particular,  very  largely  used  for  this  purpoee.  Red  lead,  the  piwtum 
of  which  is  not  uncommon  in  '  mechanical '  goods,  acts,  of  ooonsb  afaaikrly, 
and  at  the  same  time  has  a  hardening  action  open  India  nibbsr,  piobably 
ill  consequeuoo  of  its  oxidisiug  power.  Indeed,  the  rationale  of  its  employ- 
ment seems  to  lie  iu  this  oxidising  sotion,  which,  in  artadee  piodoeed  from 
a  *  soft'  brand  of  india  rubber,  produces  a  firmnem  which  can  be  obtained 
by  Tulcanisation  alone,  and  with  the  better  brands  of  India  nibbsr  only. 
The  presence  of  red  lead  in  the  mineiml  matter  may  therslbie  be  genefally 
taken  as  an  indication  that  the  rubber  used  in  the  manultetare  of  the 
sample  is  almost  to  a  certainty  of  eomewbat  low  quality. 

Very  remarkable,  likewise,  is  the  hardening  action  of  barium  oadds^ 
calcium  oxide,  and  mngneeium  oxide  upon  india  rubber.  The  two  ftnt 
named  substanom  are  always  employed  in  the  state  of  hydratee,  the  latltr 
in  the  form  of  the  anbydrout  oxide.  The  quantitiet  used  aiw  alwi^  veiy 
small,  rarely  exoeeding  0*5  per  cent,  although  msgneiia  is  eometimm  need 
in  somewhat  larger  proportions. 

The  cauae  of  the  hardening  action  of  theee  enbtttncm  it  very  ohaoara. 
Baryta  and  lime  might  be  attumed  to  form  eulphidei^  and  then  eet  ae 
sulphur  carriers,  but  in  mixing  either  barinm  or  ealeiam  enlphfale  with  the 
india  rubber,  no  such  hardening  effeoi  ia  notieeable  after 
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and  this  would  oot,  moreover,  explain  the  analogous  action  of  magnesia, 
which  does  not  even  form  a  stable  sulphide. 

In  the  presence  of  calcium  carbonate  it  is  often  rather  difficult  to  detect 
such  small  quantities  of  caustic  lime.  In  this  case,  either  the  residue  from 
the  nitro-naphthatene  treatment,  or  a  fresh  part  of  the  finely  ground  original 
sample,  is  boiled  for  a  short  time  with  a  10  per  cent,  solution  of  sugar. 
Any  caustic  lime  present  dissolves  in  this  solution,  from  which  it  can  be 
precipitated  by  the  addition  of  a  moderate  quantity  of  a  solution  of 
ammonium  carbonate.  The  precipitate,  however,  is  never  obtained  in  the 
oold  solution,  but  forms  only  after  boiling  it  for  a  short  time. 

In  coloured  samples  of  rubber  goods  ^  it  is  often  desirable  to  ascertain 
the  nature  of  the  colouring  matter  present.  In  *  rubber  enamelled '  goods 
the  colours  of  the  enamel  (suspensions  of  pigments  in  thin  rubber  solutions) 
may  be  due  either  to  mineral  or  lake  pigments  (aniline  lakes),  as  these 
*  enamel  *  coatings  are  either  lightly  vulcanised  by  the  cold  process,  or  else 
'acidised.'^  The  same  is  true  in  regard  to  coloured  cold  vulcanised  articles 
of  every  description.  In  rubber  goods  which  are  coloured  throughout 
their  mass,  and  which  have  been  vulcanised  by  the  hot  process,  the  colours 
can  only  be  mineral  pigments,  as  even  the  fastest  of  lake  pigments  are 
more  or  less  seriously  affected  in  the  hot  vulcanising  process,  although 
they  stand  the  cold  process  very  well,  almost  without  exception. 

(a)  Examination  of  Colouring  Materials  in  Hot  Cured  Goods. 

The  colour  imparted  to  rubber  goods  by  antimony  pentasulphide 
(golden  sulphide)  or  vermilion,  or  by  a  mixture  of  the  two,  is  well  known, 
and  the  presence  of  either,  or  both,  of  these  bodies  can  always  be  specially 
confirmed  by  making  a  test  with  a  fresh  part  of  the  sample. 

Brown  shades  are  most  usually  obtained  with  ferric  oxide,  which  can- 
not escape  detection  in  the  analysis  of  the  mineral  residue.  It  must,  how- 
ever, be  borne  in  mind  that  these  colours,  as  used,  represent  always 
partially  hydiuted  products,  and,  moreover,  very  frequently  contain 
oonsiderable  quantities  of  alumina,  aluminium  silicate,  and  similar  bodies. 

Yellow  shades  are  somewhat  unusual,  and  are  almost  invariably 
produced  with  cadmium  yellow.  This  should  also  be  confirmed  by  special 
test.  Very  occasionally  zinc  yellow,  a  double  salt  of  zinc  chromate  and 
potassium  chromate,  is  used.  Its  presence  is  readily  detected  by  fusing  a 
small  quantity  of  the  rubber  sample  with  an  intimate  mixture  of  1  part 
of  potassium  nitrate  and  2  parts  of  sodium  carbonate.  The  fused  mass 
is  dissolved  and  filtered,  when  the  presence  of  a  chromate  in  the  rubber 
sample  is  at  once  demonstrated  by  the  characteristic  yellow  colour  of  the 
filtrate.  Lead  chromates  cannot  be  used  in  hot  cured  goods,  owing  to  the 
action  of  the  free  sulphur  upon  lead  compounds. 

'  This  has,  of  coarse,  no  reference  to  goods  with  surfaces  decorated  with  paints  or 
lacqaers. 

'  See  page  55. 
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Groeo  ihato  U9  Alaoii  InvMiUilj  pradooid  vHli  ehraiyo  otldi^^ 
vety  mnHy  wHb  duo  grMo,  *  miititra  ol  doe  jtUov  (m*  abo?*)  villi 
PniMiuui  bliM.  Whleh  oT  tb«e  two  b  praMot  naj  te  daoidid  bj  boUi^ 
a  quantity  of  tho  fioatj  groood  taapio  with  oaoHto  todii  vhao,  fai  Hm 
preaoDoe  of  liiic  groan,  a  atumglj  jellow  aolution  k  ohtainad.  If  lUi  lail 
jiolda  a  nogative  ratult»  anotbar  part  of  tha  tanpla  ia  foaad  with  Iha 
aboTo  mantknad  fuakm  miztura,  tba  mall  diaaolvad  in  watar,  aad  illarad. 
A  bright  jallow  filtrate  ia  proof  of  tha  graao  piaaant  baing  ahfooda  otidft 

Bloa  thadaa  are  produoad  with  ultramarine  onlj,  the  vary  fine  eoball 
bluea  being  far  too  czpenaive.  Anj  blue  ooloimtkm  of  robber  maj  eaeOj 
be  raoogniaed  aa  due  to  ultramarine  by  the  daooloinlioo  prodoead  by 
moiilening  a  pieoe  of  the  original  aample  with  dilute  hydrochloric  acid. 


(6)  EmmimtUom  of  Oohurmg  MaUriaU  m  CM  Cwnd  Chodg. 


Gold  oared  gooda  may  contain  the 
employed  in  the  coloration  of  hot  cured  gooda,  hot  in  tha  fonnar  a  nnmbar 
of  mineral  pigments  may  be  employed  which  woold  not  stand  the  hot 
Tulcaniaing  proeeai  aatialactorily.  This  refera  particnlariy  to  lino  yellov, 
line  green  (miztorea  of  lioc  yelloir  with  Pnnaian  blue).  ehrooM  yeUov, 
and  ohrome  green  (mizturea  of  chroma  yellow  with  Priimiaii  bloeX  end 
Pruaaian  blue.  The  detectkm  of  theee  pigmeota  oflbra  no  difictilty  what* 
e?er,  and  follows  on  the  linea  already  mentioned  above.  The  piessuea  of 
Pmanan  blne^  whether  1^  itaelf  or  in  admiztnre  with  lino  ehroasato  or 
lead  chromate,  ia  diaoorered  by  boiling  the  finely  ground  aample  wiA 
dilute  caustic  soda,  filtering,  aoiduUtiug  the  filtrate  with  dilute  sulphuric 
acid,  and  adding  a  few  dropa  of  a  solutioo  of  ferxie  chloride.  Fonnatioo 
of  the  well-known  blue  precipitate  of  potamiumferri-fa'iocyanide  proraa 
the  preaence  of  Prussian  blue  in  the  sample. 

It  should  be  noted  that  in  cold  cured  gooos  anumooy  pentAMiipoids^ 
Termilion,  and  cadmium  sulphide  are  rarely  need.  The  ohfhma  raaaoB  la 
that,  as  mere  pigments,  they  are  much  more  ezpensire  than  ebaapar 
oolouring  matters  which  are  aTailable  for  use  in  cold  cured  gooda  in  which 
there  ia  no  need  for  any  sulphur  carriers. 

Of  recent  yeara  lake  pigmento  prepared  from  coal  tar  dyea  have  bean 
▼eiy  eztensiTely  employed  in  the  manufacture  of  oold  cured  nabber  gooda. 
Theee  pigments,  which  contain  the  dye  fized  upon  eons  inoifsnie 
such  aa  alumina,  barium  sulphate,  barium  carbonate,  or  ehina  ob^Ti 
varying  amounto  of  the  dyea  named  from  1  to  90  per  eeot,  and  both  said 
and  baaio  dye  stuflb  are  employed  In  their  manufacture.  Tha  pisesnoa  of 
such  lake  pigmento  is  readily  diaoovarahla  1^  boUiag  tha 
aample  in  a  test  tube  with  80  per  eeoi.  aleohol,  aad  illHlai.   Any 
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coloration  of  the  filtrate  indicatos  the  presence  of  a  lake  pigment  (aniline 
lake).^  If  the  lake  is  one  containing  a  basic  dye,  this  alcohol  extract  is 
generally  very  strongly  tinted,  whereas  lakes  prepared  from  acid  dyes  give 
only  a  lightly  coloured  extract,  the  coloration  being,  nevertheless,  always 
unmistakable. 

If  it  is  desirable  to  obtain  some  more  definite  information  on  the  nature 
of  the  pigment  present,  the  above  test  should  be  repeated,  and  two  separate 
quantities  of  the  sample,  the  one  being  boiled  with  a  1  per  cent,  alcoholic 
(80  per  cent,  strong  alcohol)  solution  of  ammonia,  the  other  with  a  1  per 
oeut.  alcoholic  solution  of  acetic  acid.  In  the  first  of  these  solutions  the 
acid  dyes  dissolve  copiously  from  their  lakes,  whereas  basic  dyes  yield 
only  more  or  less  discoloured  solutions.  In  the  second  solution  the  basic 
dyes  in  pigment  lakes  dissolve  very  freely,  the  acid  dyes  very  slightly  only, 
if  at  alL 

By  evaporating  these  solutions  on  a  watch-glass  on  the  water  bath,  the 
extracted  dyes  are  obtained  in  a  convenient  form  for  further  examination, 
with  a  view  to  the  further  identification  of  the  coal  tar  dyes  present. 
This  is  an  operation,  requiring,  however,  much  experience  of  coal  tar 
colours  and  of  their  chemical  behaviour. 

The  determination  of  carbon  black  (lamp  black)  or  graphite  (plumbago) 
in  rubber  mixings,  whether  hot  or  cold  vulcanised,  is  a  matter  of  consider- 
able difficulty.  It  is  even  more  complicated  when  there  should  at  the 
same  time  happen  to  be  present  one  of  those  peculiar  brown  pigments 
known  as  vegetable  brown  (Van  Dyke  brown).  That  this  latter  pigment 
should  ever  occur  together  with  graphite  is  most  unlikely,  although  there 
is  no  telling  what  extraordinary  combinations  may  here  and  there  be  used 
in  rubber  mixings;  but  the  above  named  class  of  brown  pigments  are 
frequently  used  in  combination  with  lamp  black.  But  if,  to  crown  all, 
fibrous  organic  materials  should  be  added  to  this  complication,  the  possi- 
bilities of  chemical  analysis  are  altogether  at  an  end,  and  we  have  to  fall 
back  largely  upon  optical  methods.  The  conclusions  drawn  from  the 
latter  require,  above  all,  much  experience  gained  more  particularly  in  the 
microscopic  investigation  of  the  mineral  residue  derived  from  rubber 
samples  specially  produced  with  the  constituents  in  question. 

Even  where  lamp  black  is  the  only  carbonaceous  pigment  present,  its 
detection  is  often  a  matter  of  no  small  difficulty,  as  in  a  large  number  of 
rubber  goods  not  more  than  1  per  cent,  of  it  is  used.  Of  course  in  these 
cases  the  failure  to  detect  it  may  be  due  to  various  causes  connected  with 
the  separation  of  the  india  rubber  from  the  mineral  matter.  Where  larger 
quantities  of  carbon  black  are  present,  its  detection  offers  no  difficulty,  pro- 
vided the  degree  of  vulcanisation  of  the  sample  is  such  as  to  render  it 
reasonably  amenable  to  the  nitrobenzene  treatment. 

*  Veiy  commonly  the  presence  of  such  lake  pigments,  especially  of  such  prepared 
with  the  basic  dyes,  already  shows  itself  in  the  very  pronounced  coloration  of  the 
acetone  extract. 
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In  Um  niAjunijr  oT  auot  It  wiU  MifiM  to  dolooi  te 
form  bj  miernoopio  twrniiHitioii  o  10119b  idio  of  its  qooalUj. 
tbii  time  (bo  otbar  minenU  eooiUUMOts  010  koovo,  th#  l«i 
worker  it  odTked  to  piopoio  on  intimeto  mistofo  of  tbo 
eUtuenti  prawol  in  ibeir  aecertoined  proportfon^  bleod  tbie  mistiuo  vitb 
Tarying  pioportioot  of  lamp  black,  and  oompare  tbeae  bleodi  with  tbe 
mineral  reaidoe  under  eiamioatioo.  Sorpriaingl/  aeoiiraie 
obtainable  bj  tbts  metbod,  tbe  error  in  oareful  working 
geoerallj  to  leat  tban  0*5  per  cent  Tbia  ii,  of  coone,  Urfdj  due  to  tbe 
eoormoualj  fine  distribution  (ooTering  power)  of  earboo  Uaek*  and  its 
▼erj  low  epeoifio  graTity.^ 

Attention  muet  bere  be  drawn  to  tbe  fact  tbat  krge  qnaatitiea  of 
bonaeeoua  matter  are  ■ometimea  obeenred  in  tbe  minorml  reeidne  of 
wbiob,  in  fact»  do  not  contain  a  trace  of  carbon  bkck  (lamp  bkok).  To 
this  peculiar  point  I  drew  attention  tome  yean  ago^  and  showed  tbat  all 
rubber  samples  containing  red  lead,  or  higblj  Tulcanised  samples 
ing  iron  oxide  in  larger  quantities,  are  apt  to  show  this  pi 
is  due  to  the  oircumstanoe  tbat  at  the  high  tempsnture  of  the 
or  nitro-naphtbalene  traatment,  rod  lead  oiMissi,  or,  rather, 
india  rubber.  Ferric  oxide  does  not  act  in  this  waj  in  samples  whieh  are 
eaailj  reeolved  in  the  nitrobenieoe  treatment,  but  in  highlj 
samples  requiring  a  more  prolonged  treatment  tbe  same  aetico 
though  in  a  less  pronounced  degree  than  in  the  preeenee  of  red  lead. 

This  matter  is  of  such  interest— it  shows  so  elearlj,  00  the  one  hand, 
tbe  necessity  for  the  exUnsion  of  our  knowledge  of  the  ebemieal 
and  behaviour  of  india  rubber,  and,  on  the  other,  the  care  and 
spection  required  in  tbe  analysis  of  an  india  rubber  article  of  unknown 
composition— as  to  warrant  a  discussion  of  oue  of  the  fiist  eaass  hi  rsfsrsoes 
to  the  aboTe  named  phenomenon. 

Two  samplee  of  the  same  make  of  steam  packing,  thoogb  not  of  the 
same  batch,  had  to  be  analysed.  The  first  sample  (a)  bad  imde^gooe  Tie- 
coos  decomposition,  the  second  sample  (6)  represented  the  saase  artielo  in 
a  perfectly  sound  condition.  The  analysis  of  these  two  eamplea  ptodnoad 
the  following  figuree : — 
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On  the  face  of  it,  this  analysis  appears  extremely  dubitable,  if  not  clearly 
impossible,  for,  looking  at  the  normal  sample  (6),  the  compounding  of 
12*73  parts  of  rubber  with  nearly  63  parts  of  mineral  matter  and  20  parts 
of  lamp  black  is  a  practicnlly  impossible  operation.  Its  accomplishment 
would,  at  least,  require  the  addition  of  a  substantial  proportion  of  mineral 
oil  or  fatty  oil,  but  of  such  the  organic  extract  did  not  contain  a  trace. 
On  the  other  hand,  the  organic  extract  in  b  would  correspond  to  a  rubber 
containing  18  per  cent,  of  resin.  Such  a  percentage  only  occurs  in  one  or 
two  of  the  lowest  brands  of  india  rubber,  and  the  preliminary  physical 
examination  of  the  sample  plainly  indicated  that  a  good  medium  grade 
rubber  had  been  employed  in  its  manufacture.  Such  a  rubber  would  not 
contain  above  6,  or  at  most  7,  per  cent,  of  resin.  This  incongruity  seemed 
strongly  to  point  to  something  abnormal  in  the  analysis  of  the  sample. 

The  analysis  of  the  decomposed  sample  (a)  showed  a  minimum  of  india 
rubber,  a  considerable  maximum  of  organic  extract  obviously  due  to  the 
decomposition  of  the  india  rubber,  but  also  a  minimum  of  carbonaceous 
matter  to  an  amount  much  too  considerable  to  be  accepted  as  falling  within 
the  limits  of  probable  experimental  error.  There  is,  moreover,  a  peculiar 
parallelism  between  the  amounts  of  rubber  and  carbonaceous  matter  in  the 
two  anal3rses. 

All  these  facts  seemed  to  point  to  an  identical  cause  of  error  in  both 
analyses,  which  only  became  intelligible  on  the  assumption  either  that 
there  was  no  carbon  present,  or  that  rubber  had  disappeared  in  one  place 
to  reappear  in  another  as  carbonaceous  matter.  This  latter  supposition 
seemed  perfectly  feasible  in  view  of  the  circumstance  that  nitrobenzene  at 
the  temperature  of  its  boiling  point  (210°  C.)  would  exhibit  a  not  incon- 
siderable tendency  to  oxidise  so  highly  oxidisable  a  body  as  india  rubber.  But 
in  this  case  reduction  products  of  nitrobenzene,  azobenzene,  oxyazobenzene, 
possibly  even  aniline,  would  have  to  be  traceable  in  the  nitrobenzene  solution. 
These  were,  however,  entirely  absent.  There  then  seemed  to  remain  only 
the  assumption  of  the  rubber  sample  itself,  containing  an  oxidising  agent 
which  became  active  at  the  high  temperature  of  boiling  nitrobenzene. 
It  appeared,  therefore,  desirable  to  reduce  the  boiling  point  of  the 
nitrobenzene.  This  could  be  done  by  boiling  under  a  partial  vacuum,  but 
a  simpler  way  suggested  itself  in  the  employment  of  a  mixture  of  nitro- 
benzene with  about  5  per  cent,  of  chloroform.  Such  a  mixture  shows  on  a 
reflux  condenser  a  practically  constant  boiling  point  of  about  173*  C. 

With  such  a  mixture  the  samples  were  re-examined,  with  the  following 
result: — 

a.  b. 

Mineral  Matter,     .  .        63'33  per  cent        63  02  per  cent. 

Not  a  trace  of  carbonaceous  matter  was  now  to  be  found.  As  it  appeared 
likely  that  the  detailed  analysis  of  the  mineral  matter  obtained  in  both 
these  treatments  respectively  would  fiimish  further  information,  it  was 
carried  out  on  both  samples  by  subjecting  them  to  the  pure  nitrobenzene 
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Quite  recently  I  have  observed  an  ctlcct  very  similar  to  the  one  above 
deBcribcd  in  the  analysis  of  highly  vulcanised  brake  blocks  heavily  com- 
pounded with  ferrio  oxide.  The  nitrobenzene  treatment  only  resolved  the 
sample  very  slowly,  and  the  operation  had  to  be  greatly  prolonged.  At 
first  the  treatment  took  iU  normal  course,  a  bright  brick-rod  solution 
(suspension)  forming.  After  about  an  hour's  treatment  a  change  of  colour 
was  observed — first  into  brown,  which  rapidly  darkened  into  a  deep  black. 
Finally,  the  mineral  matter,  together  with  a  large  quantity  of  carbonaceous 
matter,  was  obtained ;  the  colour  of  the  original  sample  at  once  precluded 
the  acceptance  of  this  result  as  in  accordance  with  the  composition  of  the 
sample. 

These  esses  clearly  show  that  the  nitrobenzene  treatment  requires 
careful  and  critical  examination,  especially  if  its  completion  demands 
prolonged  application. 

VII.  Sulphur  and  Chlorine  in  India  Eubber. — One  of  the  most  important 
points  in  rubber  analysis  is  the  determination  of  the  combined  sulphur,  or 
of  the  combined  sulphur  and  chlorine  in  the  india  rubber.  The  properties 
of  manufactured  india  rubber,  its  suitability  for  various  uses,  are  much 
more  dependent  upon  a  suitable  vulcanisation  than  upon  anything  else — at 
any  rate,  a  badly,  insufficiently,  or  too  highly  vulcanised  india  rubber 
article  always  represents  a  bad  article.  Here,  however,  we  touch  at  once 
the  main  difficulty  of  the  vulcanisation  problem,  from  the  technical  point 
of  view:  a  degree  of  vulcanisation  quite  unsuitable  for  a  certain  article 
may  represent  the  ideal  vulcanisation  condition  of  another  article.  Such  a 
thing  as  a  standard  degree  of  vulcanisation  applying  to  all  kinds,  or  even 
to  one  range,  of  india  rubber  articles  does  not  exist.  Before  long  we  shall 
probably  be  in  a  position  to  define  the  minimum  degree  of  vulcanisation 
which  should  be  aimed  at,  in  order  to  obtain  the  most  favourable  physical 
constants  for  each  brand  of  india  rubber  combined  with  the  highest  degree 
of  chemical  stability  and  inertia.  But  even  these  data  will  not  reach  their 
full  importance  for  the  purpose  of  the  interpretation  of  analytical  results, 
until  we  may  be  able  to  discriminate  analytically  between  the  different 
brands  of  india  rubber.  Not  until  then  shall  we  be  in  a  position  to  define 
analytically  the  technical  value  of  manufactured  india  rubber. 

Donate*  made  an  utterly  premature  attempt  in  this  direction.  He 
suggests  that  the  value  of  an  india  rubber  article  depends  upon  the  quantity 
of  india  rubber  it  contains,  and  its  ratio  to  the  sulphur  of  vulcanisation,  or 
to  the  vulcanising  metallic  sulphides  present.  The  larger  this  ratio,  the 
larger  he  assumes  the  value  of  the  article  to  be.  Indeed,  he  finds  it  possible 
to  express  the  value  W  of  every  india  rubber  article  by  the  simple  formula, 

^  _  lOO-(S-hB) 
8 

in  which  S  represents  the  sulphur  present  in  the  article,  B  the  mineral  and 

organic  admixtures.     This  would  render  the  work  of  analytical  interpreta- 

»  Zeitsehr.f.  d.  Chem.  Ind.,  i.  [1887],  pp.  77,  110,  127. 
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tion  d^ightfuOj  limpk  but»  imlortiiaUalj,  tUi  foraittk  It  Mrtinlj 
voriblaai  for  Um  pnrpoM  for  whioh  U  wm  darited.  It  Is  pwCooUj  obvio«i 
UuUi  aooofding  to  this  formubs  tli«  taIim  at  ma  Indk  rublMr  aiii^f  bdora 
and  after  mloMiiaaioo  woold  \m  tiaoil j  Um  imim^  and  qolu  JrwipteHft 
ol  Um  dcgTM  of  TuloAoiMtioiL  It  is  oolj  BBoiiry  to  itoto  llili»  to 
domoMtimto  the  abturditj  of  the  tormnlA. 

Tbo  oominoroMl  Taloo  of  nuuiaCMlurKl  iodk  rubbir  It  ilfliplj  tko  mm 
of  Um  YaluM  of  ito  ooottituoDta  inerMMd  bj  Um  AaooBt  of  IIm  fMtofj 
ebArget— Ubour,  power,  capital  ohargoa,  rataii  daprteiatioo,  and  ■^■*»»*«- 
timlioQ  aipeutet.  The  tochnical  ?ilae  of  maoiifMtiired  iodia  ffubbar  umj 
oomiderablj  exoeed  the  oommeroial  Talue  aocording  to  the  utility  or 
MTfioeability  of  the  artiolee  ooooemed 

Of  all  the  ooDttitueyta  of  maanlactured  lodia  rubber,  moe  ^ammm 
suoh  a  paramount  iufluenoe  upon  the  g«ienl  aieanwca  of  the  ptodool  aa 
the  sulphur  of  Tuloaniaation.  We  maj  be  abaolutelj  oompeUed,  bj  the 
ezigenoiea  of  practical  requiremeota  or  appsaraitoe^  to  use  ftlliiif  or 
oolourfaiginatariala — Ce^  to  reduce  the  oommeroial  value  of  certain  artklaa— 
but  their  technical  value  remains  therebj  largely  unaffaetod,  prorhled  Cha 
degree  of  Tulcanisation  produced  in  them  is  such  as  to  giva  than  tlM 
maximum  utility  or  serviceability  for  which  they  are  in  demand 

The  percentage  of  sulphur  oombioed  with  the  indta  rubber  i%  howaver, 
no  measure  of  its  degree  of  vulcanisation.  The  following  instonee  of  tW 
analysis  of  the  outer  cover  of  a  tire  will  make  thn  clear : — 

India  rubber, 

Organio  eztnet, . 

Solphor  of  mksaiMtion,    . 

frsoMilphiir, 

Totd  minenl  matter. . 


.    M-70 

p«OMU. 

l-U 

tt 

lf$ 

M 

t^ 

•t 

41-06 

»• 

M-M 

PVCMI. 

t-a 

•t 

8-M 

•• 

t-u 

•• 

Organic  eztnet  in  robber,  . 
Tbtil  ealphnr  in  robber,  . 
Ooaflleieot  of  rukaniiation. 

Here  the  sulphur  of  vulcanisation  amounting  to  1*99  par  oeoL  givaa 
us  no  direct  idea  of  the  degree  of  vulcanisation  of  the  india  rubber.  TUi 
we  only  obuin  by  calcuUting  the  percentage  ratio  between  the  aBMoal  of 
india  rubber  (54*70)  and  sulphur  of  vulcanisation  (1-99)  prsasBt»  and  w 
obtain  in  this  manner  the  degree  or  ooefficiani  of  vulcanisation  (S-M  par 
cant).  To  obtain  a  comprahanaiva  view  of  the  distributioB  of  tha 
of  the  sulphur  in  regard  to  the  rubber,  I  find  it  of  much  valoe  to 
similarly  the  percentage  ratio  between  rubber  and  total  sulphur  (snlphnr 
of  vulcanisation  -h  fkaa  sulphur)  present  By  Authar  aprtfinf  Um  aune 
treatment  to  the  organic  extract,  we  obtain  aaothar  very  iaportoaft 
organic  extract  in  rubbar^which,  in  the  case  of  tha  above  aampla, 
us  to  draw  tha  condusioo  that  the  faMlia  iiibbar  prasoft  is  puns  Plui,  aa 
no  other  nibber  would  yield  snch  a  low  percentage  of  organle 
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In  samples  oontaining  no  mineral  matter,  or  in  samples  the  mineral 
matter  of  whioh  is  free  from  sulphur,  the  sulphur  of  vulcanisation  can  be 
estimated  direotlj.  If  the  mineral  matter  contains  sulphur,  the  indirect 
estimation  described  on  page  254  has  to  bo  resorted  to. 

In  the  absence  of  positive  vulcanisation  standards,  the  following  con- 
siderations must  guide  us  in  judging  the  coefficient  of  vulcanisation  : — As 
has  been  pointed  out  in  the  first  section  of  this  book,  with  increase  of 
the  coefficient  of  vulcanisation  come  increase  tensile  strength,  elasticity, 
and  distensibilitj.  This,  however,  is  only  true  up  to  a  certain  point, 
beyond  which  there  is,  first,  a  rather  rapid  decraise  in  elasticity  and 
distensibility,  followed  soon  by  a  decrease  of  tensile  strength.  The  follow- 
ing diagram  referring  to  four  tire  covers  of  absolutely  identical  composi- 
tion as  regards  the  quality  and  proportions  of  Pard  rubber,  total  sulphur,  and 
mineral  matter,  but  cured  under  different  conditions,  renders  this  evident. 

Jnches  Elongation 
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Fxo.  26. — Diagram  :  Tensile  strength  of  differently  vulcanised  specimens  of  india  rubber 

The  vulcanisation  coefficients  of  these  four  samples  are  as  follows : — 

Sample     I.,    .  .        .  1-78  percent. 

„        11 214        . 

„      III 2-87       ., 

„       IV.,     .         .         .         .  4-44        , 

Of  these,  I.  and  II,  are  obviously  undervulcanised,  though  11.  but 
slightly;  III.  is  very  satisfactorily  vulcanised;  IV.  clearly  overvulcanised. 
It  will  be  seen  in  every  case  that  the  higher  the  coefficient  of  vulcanisa 
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tfoo,  thd  higiif  aho  tht  UaioW  ifniflh  tar  tbt  nt  dJitiMwioB.  Tlib  b 
•tm  true  ol  tiM  orMmlouilMd  Mmpb  IV^  «Uel^  h/nrnwrn,  ^bmdj  bndb 
at  a  ditiootioo  of  l-d5  inobaa,  whereat  the  two  ttndemilmiileed  impiM, 
more  partioalarij  I^  show  ao  inordtmite  amount  ol  dMrntkn  uadm  ««j 
low  itraMM.  Tbeee  dUgrame  maj  be  eooridorad  ••  ^to  Ijpiod  for 
articlei  kaown  or  alleged  to  be  manureetured  from  I^tfi  mbbar,  b«t»  ol 
eoone,  other  brande  of  rubber  would  ihow  di0moi  riRilli»  altboafh  villi 
OToiy  braiid  of  rubber  the  eurree  of  o?«r>  or  under-vuloHiimtioB  voold 
■how  analogous  differenoei  from  the  ourre  of  eorreel  Tuleuitaitiaa.  Umtk 
work  remaioa  to  be  done  in  this  direotioo. 

OvemiloanisatSoo  must^  bowefor,  be  dearly  dMngoitbod  (worn  a  higk 
degree,  or  high  ooefBdent,  of  ruleanimtion,  which,  ol  ooam^  ia  in  maaj 
articles  quite  a  neoemitj.  OTenruloanisatioD,  in  aeeordaaeo  vHli  the 
results  I  arriTed  at  regarding  the  nature  of  Tuloaoiaatioci  in  llie  ftml  part 
of  this  book,  does  not  ooosist  simply  in  a  high  oooflWoot  of  fnlesniMrioo, 
but  in  one  obtained  under  unsuitable  oonditioos^  either  of  tempstmUu^  or 
of  time,  or  of  quantity  of  sulphur.  OverTuloanisstton  may  tberslbre  be  doe 
to  too  high  a  temperature,  too  long  a  time,  or  sn  unsuitable  propottioD  of 
sulphur.  Of  these  causes,  the  one  first  named  is  by  far  the 
while  too  short  a  time  is  the  most  usual  cause  of  undenrulcanisatioa 

A  high  degree  of  yulcanisation  oombined  with  low  teonle  strength^ 
fair  distensibility,  is  an  almost  oertain  indication  that  the  rubber  hsk 
'  overworked '  upon  the  rollers.  11^  at  the  same  time,  the  distensibility  is 
low,  it  is,  ss  far  as  my  experienoe  goes,  invariably  doo  to  the  piennet  of 
larger  proportions  of  recovered  rubber. 

It  is  evident  from  the  above  that  undervuleanisatlon  is  much 
clearly  defined  than  overvulcanisation.  This  is  rather  important,  as 
vulcanised  articles  are  much  more  prone  to  'deoompositioQ'  than  ov«r> 
vulcanised  ones.  Indeed,  I  have  never  yet  seen  a  esse  of  '  deoompositfam ' 
due  with  certainty  to  overvulcanisation. 

Both  these  faults  are  muoh  aooentuated  in  goods  containing  laiga 
amounto  of  mineral  matter.  The  Utter  always  greatly  inensasi  tlit 
porosity  of  rubber  goods,  and  therefore  also  their  liability  to  decay. 

Undervulcanised  goods  oontaining  large  proportioiis  of  Istty  soboti. 
tutes  very  rapidly  undergo  decomposition ;  ovonmleanissd  goods  ondsr  tlM 
same  circumstances  suffer  very  much  less. 

If  there  is  chlorine  in  the  iudia  rubber,  its  pfswoco  rai^  be  doo  eitJMr 
to  the  india  rubber  having  been  cold  Toleanissd  with  ohlofido  of  oolphar, 
or  to  the  mixing  containing  fstty  ehloroiulphkio  sobatitnlw.  In  tlio  enit 
of  articles  the  thickness  of  which  ezoeeds  a  few  millimetre^  cold  vukaniss- 
tion  is  out  of  the  question ;  bat  under  all  oimnmrtanoss  Iho  wiirfseloty 
interpretation  of  the  significance  of  tlio  prsMOOO  of  okloriM  fm  tiM  iMUa 
rubber  is  possible  on  the  following  oooiidoratioQa. 

In  articles  free  from  fatty  substitatoi,  the  prsisoes  of  oblortes  la  the 
india  rubber  is  a  certain  proof  of  the  ▼nlesniition  having 
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by  the  oold  prooess.  '  Rubber  enamelled '  goods  should,  however,  never  be 
analysed  in  this  connection  simultaneously  with  their  enamel  coating,  but 
the  Utter  should  be  carefully  pared  off.  The  reason  for  this  is  that 
rubber  goods  (enemas,  etc.),  the  body  of  which  has  been  hot  vulcanised, 
often  receive  a  *  rubber  enamel'  surface  coating,  generally  coloured,  which 
is  then  cured  by  the  ordinary  oold  process,  or  by  the  '  acidising '  process 
(hypoohlorous  acid).  For  this  reason  an  article  should  not  be  pronounced 
as  '  oold  cured '  unless  the  *  sulphur  of  vulcanisation '  present  approximates 
very  closely  in  amount  to  the  *  chlorine  of  vulcanisation.' 

In  articles  containing  fatty  substitutes,  the  correct  interpretation  of 
the  analytical  results  obtained  is  not  so  simple.  The  presence  in  the 
rubber  of  sulphur  and  chlorine  in  approximately  equimolecular  proportions 
is  conclusive  evidence  of  cold  vulcanisation  only  if  the  alcoholic  extnict  is 
free  from  chlorine,  or,  in  other  words,  if  there  are  no  chlorosulphide  sub- 
stitutes present,  as  it  is  quite  conceivable  that  in  the  presence  of  the  latter 
the  amount  of  hydrochloric  acid  evolved  during  hot  vulcanisation,  and 
absorbed  by  the  india  rubber,  might  coincidentally  be  equivalent  to  the 
coefficient  of  vulcanisation  of  the  rubber.  This  point  must  not  be  lost 
sight  of  when  pronouncing  a  specimen  of  rubber  as  cold  vulcanised.  The 
mere  fact  that  it  contains  chlorine  is  no  proof  to  that  effect,  and  the  over- 
looking of  this  point  has  often  led  to  gross  mistakes  being  made. 

Indeed,  the  only  satisfactory  criterion  which  enables  us  always  to 
decide  with  certainty  upon  the  question  under  discussion  is  that  obtained 
from  the  amount  of  free  sulphur  as  ascertained  in  the  *  acetone  extract.'  In 
cold  vulcanised  goods  free  sulphur  is  rarely  absent,  but  its  quantity  is 
always  very  small,  rarely  exceeding  1  per  cent.  On  the  other  hand,  hot 
vulcanised  goods  containing  chlorosulphide  substitutes  always  contain 
more  or  less  consi«lerable  quantities  of  free  sulphur,  for  reasons  connected 
with  the  composition  of  the  mixings  required  to  ensure  a  thorough  vul- 
canisation. If,  therefore,  there  is  any  doubt  respecting  the  vulcanisation 
of  a  g^ven  sample  of  manufactured  rubber,  the  amount  of  free  sulphur 
ascertained  in  the  sample  readily  supplies  the  required  answer. 

The  following  typical  analyses  will  make  this  clear : — 


Tobsoco  Pouch. 

Garden  Hose. 

India  rubber,        .... 

60*22  percent 

81-29  i>crcent 

Organic  extract,   .... 

4-88      „ 

784      „ 

Fatty  substitate,  .... 

87-21       „ 

28-90      „ 

Mineral  matter,    .... 

219      „ 

26-28      „ 

Free  sulphar,       .... 

0-27      „ 

1-88      „ 

Salphar  of  yalcanisation,      . 

2-72      „ 

2-15  ,; 

Chlorine  in  robber, 

2-50       „ 

2-20      „ 

Free  sulphur  in  rubber. 

0'68  per  cent 

6-84  percent 

Coefficient  of  vulcanisation, . 

6-41       „ 

6-87      „ 

,,           chlorination,    . 

*-»7      „ 

7-03      „ 

ROBBER   ABT1CU&  sS; 
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Tba  anAljtical  tUU '  oUiro  (|uuial  at  fiiit  dgbl  apfiMr  Id  rafv,  if  ooi 
to  two  dmilar  qwdiUM  <4  robbtr  foodiK  at  aaj  nto  to  tvo  iimlkr  tjpi^ 
aod  tho  ioMporiaooed  aiidjat  mifbt  vtU  f«el  tonpiad  to  iataqiril  both  of 
tbaiD  M  oold  TuloMiiMd  artiolM.  Efoo  tho  cotfldtim  ol  rnlwniMrtnB 
and  ohlorinatioo  tnkon  ooojointlj  would  appMr  to  bo  wall  fai  koipiif  wHk 
this  intarprHatioo.  But  the  *  freo  lulphur  in  lodia  robbor,'  wbflo  •opiioit' 
ing  thk  a»umptioo  eotiral J  in  tbo  «••  ol  tba  tobaooo  pooob,  mdaio  it  davlj 
untooabia  in  tba  oaia  of  tba  gaidao  boaap  BnA  ao  aaaoaat  al  ftoo 
■ulphur  can  ba  preaant  onljr  if  lulphur,  aa  aoab,  baa  baao  addad  la  tba 
mixing  for  tba  purpoaa  of  hot  riUoanising.  Tba  gardan  boaa  omal  tbafw> 
fora  ba  pianounaad  a  hot  ruloaniaad  artiola^  and  tnm  iIm  praaaaa  ^ 
chlorine  in  tho  india  nihlMsr,  it  follows  Uiat  the  fattj  substitnta  is  a  ablaio» 
aulphido  substitute.  This  conclusion,  it  majr  ba  remarked,  in  tba  abota 
oaaa  was  fully  confirmod  by  the  datailad  aoaljaia  of  tba  *  aapaoiiaatloa 
axtmct' 

Thera  ramaina  to  ba  mantionad  tba  not  wwj  aammon  aaaa  of  imtbrr 
amall  quantities  of  chlorine,  rarely  exceeding  1*9  par  aaot^  oeaorring  ia 
samples  which  either  contain  no  substitutea  at  all,  or  no  eblorosalphida 
anbatitutes,  while,  at  the  same  time,  tba  aombinad  aolpbor  in  tba  rabbar 
greatly  exceeds  the  amount  of  chlorine  prasanL  Tba  intarprstatioo  of 
this  obaarration  is  that  the  vulcanisation  of  aoeb  a  aampla  ia  aawnfially  a 
hot  Tulcaniaation,  but  that,  for  reaaooa  ooonactad  with  tba  laamrfeal 
conditions  of  the  vulcanising  process,  the  articles  have  baen  ao^actad  lo 
a  ' surface  hardening '  produced  by  'semi-curing'  tbam — iLc, 
with  a  weak  solution  of  sulphur  monochlorida.  Tba 
hardened  are  in  this  manner  protected  against  maobaniaal  injnrj. 

Of  course  in  hot  vulcanised  goods  containing  cblorosolpbkla 
this  treatment  could  not  ba  disco varad.  Tbia  inability  i^  bowavar,  of 
little  moment,  as  the  treatment  in  question  is  merely  a  taabniaal  artiia% 
and  has  no  perceptible  influence  upon  the  physical  oonstaota  of  the  artlelaa 
in  question. 

Unuboal  CowriToanTa  of  Ruaan  Qooob. 

An  exhaustive  description  of  all  the  subatanaea  wbicb  ara,  or  have 
oooasionally  bean,  introduced  into  rubber  mixings  is  almoat  an  impossibility. 
There  is  no  substance  which  lends  itself  so  readily  to  admixturs  witb  tba 
most  heterogeneous  substances  imiiginable,  and  this  quality  leads  neeasion 
ally  to  absnrditiea  in  this  reapaet  wbicb  sorpaas  simibM*  abnass  in  ai^  oClMf 
technical  material  known. 

In  a  steam  packing  which  enjoys  a  not  inoonsidarmbla  popularity,  f  faood 
considerable  quantities  of  brass  ftlinga  and  aoka  powder.  A  apaaiaUy 
*  cheap'  bicycle  tire  contained,  bsaidea  a  Taiy  ganarooa  allovaoaa  of  Istty 

>  I  hart  pwposdy  oetitlsd  tbs  sas)ytksl 
to  reader  mors  disr  ths  point  at  I 
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substitute,  10  per  cent,  of  cork  dust.  Quite  a  number  of  supposed  bigb 
class  tires  on  the  market  at  present  contain  from  10  to  15  per  cent,  of 
paraffin  wax.  This,  it  is  alleged,  will  prevent  '  suncracking/  but  however 
that  may  be,  it  certainly  produces  a  poor  tire.  A  'metallic'  rubber 
packing  contained  35  per  cent  of  metallic  zinc  (zinc  dust).  In  various 
other  goods  I  have  detected  oaselne,  caselne  lime,  cork  dust,  large  quanti- 
ties of  tannic  acid,  glass  powder,  alum,  cholesterine  (wool  grease),  bone 
ash,  mica,  and  orpiment.  The  last  named  substance,  arsenic  trisulphide, 
was  found  to  the  amount  of  6*5  per  cent,  in  a  specimen  of  waterproof 
cloth  for  ladies'  wear.  It  is  impossible  to  assume  that  any  manufacturer 
would  knowingly  employ  such  a  substance,  and  I  surmise  that  he  was  in- 
duced to  buy  it  under  the  guise  of  some  innocently  sounding  name. 
Indeed,  within  my  knowledge  this  substance  has  been,  and  is  still,  offered 
under  the  very  inoffensive  description  of  *  yellow  antimony.' 

(«)  Defects  in  India  Eubber  Groods.— The  most  usual  defects  occurring 
in   manufactured    india  rubber   may   be   arranged   under   the   following 

heads: — 

a.  Defects  in  the  rubber  mixings. 

h.  Defects  due  to  faulty  vulcanisation. 

c  Defects  due  to  faults  of  the  constructive  materials. 
d.  Defects  arising  in  use. 

e.  Defects  in  appearance. 

a.  Defects  in  the  Rubber  Mixings. — A  rubber  mixing  must  be  con- 
sidered as  defective  or  faulty  if  either  its  composition  or  its  physical  con- 
dition are  such  as  to  preclude  its  vulcanisation  into  a  physically  and 
chemically  sound  article.  Most  commonly  this  defect  arises  from  the  mix- 
ing having,  as  a  mechanical  operation,  been  carried  out  negligently.  It  is, 
of  course,  often  extremely  difficult  to  produce  a  homogeneous  mixture  of 
india  rubber  with  pulverulent  admixtures.  In  many  cases  this  could  only 
be  done  by  working  the  mixture  between  the  rollers  for  such  an  inordinate 
length  of  time  as  to  produce  in  the  india  rubber  the  often  fatal  phenomenon 
of  fatigue  {see  page  93)  generally  described  in  the  trade  as  'killing  the 
rubber.'  But  if  we  find  in  different  parts  of  a  sample  of  manufactured 
rubber  a  considerable  variation  in  the  several  mineral,  or,  more  generally 
speaking,  non-rubber,  constituents,  it  is  obvious  that  the  mixing  in  respect 
of  these  non-rubber  admixtures  has  been  imperfectly  carried  out.  For 
this  defect  there  b  no  excuse,  and,  at  the  same  time,  it  will  be  readily  under- 
stood it  is  highly  detrimental  to  the  production  of  a  sound  article.  Very 
often  this  defect  is  the  cause  of  premature  decay  in  rubber  goods,  and  the 
fact  that  it  is  so  very  common  tends  to  show  how  little  its  significance  and 
ooQsequences  are  realised. 

The  evils  arising  from  a  too  prolonged  working  of  a  rubber  mixing, 
alluded  to  above  as  fatigue,  although  their  true  nature  has  up  to  now 
been  entirely  misunderstood,  are  well  known  to  every  experienced  rubber 
worker,  and  consequently  this  defect,  at  least  in  a  pronounced  form,  is 
comparatively  rarely  met  with.     From  what  has  been  said  in  reference  to 
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thil  lubjcct  on  page  \fi,  ii  vui  be  raiaujr  iindeiitood  ihU  tUi 
oluunMteriMd  bj  ««U-nArkad  phjMed  rifm  oC  mdarwlMaiMlios  io  Um 
pr^MPoa  of  a  pcroMtegt  oT  oombfaiad  talpbur  in  tli«  indk  niblMr  iiimH 
ing  »  Ibovooch  dtgrat  ol  Tulmniition.  If aoatelmd  tadte  ivbter 
■iMwiiig  Umm  olMiMtorMet  it  tHraoMlj  pioM  to  fMiiin  4maj. 
^  Noi  Ttry  ooaunoo  it  the  foult  arkiiig  trom  Um  um  ol  alifbtly  <Uflip 
powden  In  indk  rubber  mixlsgt  Under  Um  >ffft«MWH?t  ol  Um  banl  mui 
wmnun  of  the  rollens  tboj  form  minute  hnid  ibkm,  wUA 
•mbaddod  in  iliis  lUte  in  Um  india  mbbor.  In  artielot  in  vhkh  n 
murt&M  it  rsqutred,  theto  flake*  mr%  of  oourM,  higfalj  objoelioimbK 
more  to  in  theete  or  itrtpe  for  rubber  ineoUted  oablei»  in  whioh  enw  Umj 
very  geooraUy  result  in  *  weak  tpo^'  often  in  abort  oirDoite. 

ft.  D^mit  dm  to  FmUip  VmlfnnimHom.'^AM  the  raaolt  of  tha  Tnlcnnian> 
tioQ  prooeaa  ia  determined  by  the  proportiona  of  aulphur  and  rubber  oaad, 
the  temperature  emplojed,  and  the  time  allowed,  but  further  nl»  by  the 
phjrionl  oonditaon  of  the  India  rubber,  it  ia  evident  that  vith  aneh  a 
number  of  eo4eterminanta,  the  number  of  poadble  defeete  moei  be  very 
Urge— the  more  ao,  aa  wvj  few  branda  of  india  rubber  behnv«  liailarlj,  or 
yiekl  aimilar  reaulta,  even  when  treated  under  equal  wwi^nUhi^  ^i^fH'MinH 
It  ia  therefore  not  surpriaing  to  find  that  probablj  moru  than  one  bdf  of 
all  the  defeete  obeenred  in  india  rubber  gooda  ariae  from  aoeae  detfaet  in 
ite  Tuloaniaataon.  A  Terj  Urge  number  of  theae  defeete  maj,  moreof , 
be  deeeribed  aa  either  oTer-  or  under-Tuloaniaation,  and  be  identified,  on 
tlie  one  baud,  bj  the  ▼uUanitation  ooeAeient ;  oo  the  other  hand,  bj  the 
tenaiU  atrangth  and  eloogatioo  teate  (aae  diagram,  fig.  SS4).  To  ene^jr 
deaoribe  the  more  partiouUr  oauee  of  either  of  the  two  above  muned 
defeete  U  often  very  diiBenlt»  but  in  many  oaeee  a  oareful  atadj  of  tite 
ooeffietent  of  Tulcanisation,  the  total  aulphur  in  rubber,  and  of  the 
meohanioal  teate  (tenaiU  atrangth  and  elw^ation)  will  givo  valaahb 
indioationa.  In  this  raapeet  it  muat  be  ramemberad  tlial  orervulnanUatien 
in  the  preaenoe  of  a  Urge  amount  of  total  aulphur  U  due  eitlier  to  loo 
high  a  temperature  or  to  too  long  a  time,  but  in  the  praawioi  of  a 
moderate  or  small  amount  of  totel  aulphur,  the  fault  almoat  invariafalj 
Uea  in  the  employment  of  too  long  a  time.  Undenruleaniaatian  in  the 
preeenoe  of  a  Urge  amount  of  aulphur  ia  due  eitlier  to  loo  low  a  tempera 
ture  or  to  too  ahort  a  time ;  in  the  preeenoe  of  a  Boderato  or  aoBall  amoaBt 
of  total  sulphur,  either  this  amount  of  aulphur  itself  ia  too  email,  or  tiM 
two  before  named  oauaea  oonour.  Somewhat  aamiUr  in  ite  eflbet  to  over> 
Tulcanisataon  is  the  veiy  onriom  deleei  ariaing  fhim  vnUanisation  at  too 
high  a  temperature  or  too  long  a  time,  in  the  prsssnes  of 
sulphur.  We  obtain,  then,  the  peouliar  result  of  a  '  rotten 
product  poeseesing  all  the  eharaoterlstiea  of  overruUanieation,  but 
from  it  by  a  low  ooeflUient  of  vnleanteaHon  On  tiM  oClmr  had 
vulcanisation  ia  often  anggeated  by  the  phyaieal  oenetente  of 
which,  on  analysia,  are  found  to  be  fully  vnleaniesd  with  a  fuU  alUwaaee  of 

19 
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total  sulphur.  This  is  very  frequently  an  indication  of  the  phenomenon 
of  'fatigue,'  but  by  no  means  always.'  The  physical  effect  due  to  the 
same  yulcanisation  coefficient  is  apt  to  vary  considenibly  in  ditfercnt  brands 
of  india  rubber,  and  a  percentage  of  combined  sulphur  which  in  Pard 
would  represent  a  very  full  degree  of  vulcanisation,  would  leave  Beni 
River  or  Maaao  rubber  rather  undervulcanised. 

Turning  to  th^  defects  arising  from  faults  or  faulty  conditions  in  the 
cold  process  of  vulcanisation,  we  find  that  the  diagnosis  of  over-  or  under- 
Tuloaaiaation  is  very  much  simpler  in  some  respects,  but  complicated  by 
the  fact  that  some  brands  of  india  rubber  form  very  unstable  vulcanisa- 
tion products  when  vulcanised  with  sulphur  monochloride ;  and  further, 
that  sulphur  monochloride  being  a  very  reactive  body,  is  apt  to  cause 
■eoopdary  reactions,  and  act  in  various  ways  not  intended  in  its  employ- 
ment. 

Cold  cured  goods— waterproof  fabrics,  tobacco  pouches,  gas  tubing, 
and  similar  articles — are  in  less  need  of  tensile  strength  than  of  softness, 
pliability,  and  chemical  stability.  The  behaviour  of  cold  cured  goods 
exposed  to  the  heat  of  a  water  oven  for  from  8  to  10  hours  furnished  much 
information  on  this  point.  In  the  case  of  undervulcanisation,  the  articles 
become  more  or  less  rapidly  very  limp,  and  occasionally  almost  plastic 
under  the  influence  of  the  heat.  Moistening  them  with  benzene,  and 
continuing  the  heating  for  a  few  minutes,  renders  them  distinctly  sticky. 
In  this  teat  overvulcanisation  results  in  the  article  becoming  either 
very  stiff,  sometimes  almost  brittle,  or  else  very  tender  and  lifeless.  Tlie 
latter  is  generally  observed  in  the  case  of  goods  manufactured  from  india 
rubber  unsuited  for  cold  vulcanisation. 

If  effective  precautions  are  not  taken  to  prevent  the  formation  of  dew 
upon  the  articles  during  the  process  of  cold  vulcanisation,  part  of  the 
sulphur  monochloride  is  decomposed  before  it  is  able  to  combine  with  the 
india  rubber.'  The  hydrochloric  acid  thus  liberated  is  at  the  root  of  many 
of  the  defects  in  cold  cured  goods.  If  these  contain  zinc  oxide  or  ferric 
oxide,  any  hydrochloric  acid  produced  may  lead  to  the  formation  of  zinc 
chloride  or  ferric  chloride  respectively,  both  of  which  are  absolutely  fatal 
to  cold  cured  goods. 

But  even  if  no  formation  of  dew  and  consequent  decomposition  of 
sulphur  monochloride  takes  place,  the  interaction  of  the  latter  with 
certain  other  substances  which  may  form  part  of  the  mixing  will  often 
produce  disastrous  results.  In  this  respect  copper  and  manganese 
compounds  and  red  lead  must  be  mentioned.  The  first  two  occur  not 
infrequently  as  impurities  in  certain  pigments  and  compounding  materials 

*  This  phenomenon  can  easily  be  studied  by  exposing  a  rubber  article  containing  a 
moderate  amount  of  total  sulphur  for  one  or  two  days  to  a  temj)erature  of  about  90**  C. 
in  a  water  oven.  The  outer  covers  of  bicycle  tires,  stripped  of  their  fabrics,  are  very 
ioitable  for  this  experiment. 

'  The  formation  of  this  dew  is  caused  by  the  considerable  fall  of  temperature  produced 
by  the  rapid  evaporation  of  the  carbon  bisulphide. 
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need  in  robber  miiingv,  whuo  rod  load  i»  ohmi  «iriiijerAteljr  abided,  ooder 
iptloo,  DO  doubt»  that  what  U,  uimW  mtUui  oitcuiimuiiom,  « 
itomil  io  *  miiiiig  for  hot  wletnlMlioa,  oMil  alto  aoi 
b«M6eUUj  io  tho  oold  proom  of  Tolooairiof. 

e.  Zyiwto  dm  io  FJaaUt  ^  <iU  OomdrntHm  JToitrrfofa-^Tbo  ooiy  UaAi 
or  ooMlniotiro  motorioii  to  bo  ooooldorad  010  tho  firiooi  loslilo  ■atoriok 
used  oithor  for  Ibo  itrtiigthoiiiog  of  robbor  itroeliirH  or  for  tiM  pro- 
duotion  of  wat«proof  flabriet. 

Io  trndxed  toxtilo  rootorids  tbo  ool j  dofoet  Ukoljr  Io  oooor  it  loa  of 
■troDgth  during  the  ▼wlooniring  proooa.  This  in  hoi  eared  goodi  b  im- 
oroidable,  especially  if  the  fabrioi  are  oottoo  fabrioiL  Tho  teoderiag  is 
IhitOMO  ii,  of  oooTM,  doe  to  the  aotion  of  the  mlooaWaf  hMl  (mj  ISO*  C.) 
for  a  more  or  leee  oooeidefmblo  linie  upoo  the  oottoD,  whioh  al  **ttrf^ 
toree  above  80*  C.  beoomee  inoreasinglj  eeoaitiTe  Io  heat  If  the  hHi  la 
leoiilo  atreogth  oauaed  by  tho  Tuloaoiaattoo  prooen  eioeeda  15  per  eeol., 
the  toxtilo  material  in  queetioQ  may  be  ooneiderBd  to  be  at  laulL  On  the 
other  hand,  there  should  be  no  tendering  of  the  cloth  in  cold  cored  goods, 
and  its  ooourrenoe  is  in  such  articles  due  simply  to  some  faoll  ia  the 
Tuloanisation.  Either  the  chloride  of  sulphur  is  of  unenllable  quality,  or 
the  Tulcanisatiou  has  been  carried  out  under  oooditiooe  farooring  the 
deposition  of  dew  upon  the  rubber  coating.  The  hydroohlorie  acid  time 
formed,  coming  subsequently  in  contact  with  tho  Cmo  of  tho  Ishrie,  thea 
attacks  the  cotton  fibre.  The  defect  in  this  case  it  therelort  eolMy  tho 
fault  of  the  rubber  manufacturer.  If,  howeTor,  tho  telftge  of  the  rabhtr- 
ooated  fabric  is  ettenttally  stouter  than  its  body,  it  often  happeot  that  this 
tdrage  it  not  ooTored  by  the  india  rubber  ooating.  On  oold  omiag  oaoh 
doth,  the  selToget  are  liable  to  take  up  tomo  of  Ihe  ▼nloaniring  aolutaoo, 
with  the  result  that  the  cloth  along  the  edget  oootaint  ehlorido  of  tulphor, 
the  deoompotitioii  of  which  retultt  in  tho  formatioii  of  hydroohlorie  aeid, 
which  then  destroys  the  fibre.  This  effeol  often  tprsadt  for  a  oonthitmhie 
distance  from  the  edget  to  the  centre  of  the  doth,  to  that,  oo  soperitial 
examination,  il  may  tomotimet  appear  as  if  the  oloth  wort  tendersd  all 
over.  But  whenerer  thit  tendering  is  due  to  an  abtprpUoo  of  Ihe  Tiikaii- 
iting  tolution  by  the  tdfage,  it  will  be  found  that  the  oentral  part  of  the 
fabrio  thowi  either  no  tendering  at  all,  or  a  Tory  tlighl  dtgrto  of  il  only, 
with  a  TOiy  marked  inereate  of  it  towardt  tho  edg«L 

In  dyed  waterproof  fabrics  ( macintosh  oloth)  teodoring  it  mneh  man 
fVequent.  It  occurs  but  rarely  in  oold  eared  goods^  and  theo  alwnye 
through  one  of  the  two  abore  stated  oaatts — motl  geoetmlly  through  badly 
carried  out  rulcaniaation.  In  hot  cured  goods  il  is  rather  ontf  II  is 
seldom  due  to  the  inferior  quality  of  the  yarns  ottd  in  tho  itmiintiiw  of 
the  textile  fabrics,  but  arises  almost  ioTariably  from  tho  piOMOOO  fai  the 
doth  of  small  quantitiet  of  aalphario  aeid,  or  from  the  tmptoytBl  of 
Dkoidanta  which  at  Tuloaniting  temporatertt  altaek  tho  tostile  tbioa.  Tht 
of  sulphuric  aeid  hi  thete  oaats  it  obTioutly  doe  to  the 
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washing  of  the  cloth  after  dyeing.  This  is  confirmed  by  the  fact  that  the 
dyed  fiibrios  showing  exceesive  tendering  in  the  vulcanisation  process,  due 
to  the  presence  of  free  sulphuric  acid,  are  woollens  or  unions.^  The 
amount  of  sulphuric  acid  thus  present  very  rarely  exceeds  0*25  per  cent., 
an  amount  which  appears  to  be  quite  unobjectionable  while  the  fabrics 
contain  their  normal  proportion  of  atmospheric  moisture.  In  the  process 
of  vulcanisation,  however,  this  moisture,  which  serves  as  a  diluent  for  the 
sulphuric  acid,  disappears,  and  the  acid  rapidly  attains  a  concentration 
fatal  to  the  textile  fibre.  This  is  naturally,  therefore,  most  pronounced  in 
the  case  of  unions,  aod  results  in  extreme  cases  in  the  almost  complete 
destruction  (carbonisation)  of  the  cotton  warps. 

Among  mordants  having  such  a  tendering  effect,  ferric  oxide  is  to  be 
particularly  mentioned.  At  vulcanising  temperature  this  substance  affects 
cotton  fibre  materials  very  energetically.  Wool  seems  to  suffer  much  less. 
Whether  the  enormous  tendering  of  heavily  loaded  black  silk  is  to  be 
ascribed  to  the  tin  and  iron  mordants  used,  I  have  not  sufficient  experi- 
mental data  to  decide,  but  the  probabilities  are  in  favour  of  the 
assumption. 

d.  De/ectt  arising  in  Use. — The  discussion  of  all  the  defects  coming 
under  this  head  would,  in  itself,  fill  a  fair-sized  volume.  No  doubt  the 
composition  of  india  rubber  articles  of  every  description  is,  at  times,  such 
as  to  render  them  more  or  less  unsuited  for  their  purpose,  or,  at  least,  to 
favour  the  development  of  certain  defects;  but  I  am  not  sure  whether 
cases,  in  which  the  appearance  of  defects  is  not  so  much  the  fault  of  the 
rubber  manufacturer  as  of  the  consumer,  are  not  much  more  numerous. 
There  is,  to  begin  with,  the  fatal  tendency  on  the  part  of  the  consumer 
to  buy  increasingly  cheaper  grades  without  the  slightest  consideration  of 
the  market  prices  of  crude  india  rubber,  and  there  is,  moreover,  the  un- 
conscionable treatment  to  which  rubber  goods  are  often  subjected.  Indeed, 
it  is  very  doubtful  whether  there  is  any  other  class  of  goods  which  is  so 
habitually  maltreated  as  rubber  goods,  from  which  a  great  number  of 
people  appear  to  expect  the  properties  of  almost  all  the  other  technical 
raw  materials  combined. 

Defects  arising  from  use  alone  may  be  due  to  sins  of  omission  or 
commission  in  respect  of  the  constituents  of  the  mixings,  or  to  unsuitable 
vulcanisation.  That  is  to  say,  considered  from  general  points  of  view,  a 
sample  of  manufactured  rubber  may  in  every  respect  appear  a  thoroughly 
satisfactory  production,  and  nevertheless  prove  unsuited  to  the  special 
requirements  and  conditions  of  its  practical  use.  In  such  cases  the  defect 
obviously  arises  from  the  circumstance  that  in  its  comi)osition  and  manu- 
facturing treatment  insufficient  attention  was  paid  to  the  chemical  and 
physical  influences  to  which  it  would  be  exposed  in  practical  use,  or  else 

'  In  the  dyeing  of  cotton  fabrics,  sulphuric  acid  is  only  very  rarely  used.  If  used,  it 
is  easily  removed  by  washing,  whereas  it  clings  pertinaciously  to  wool.  This,  no  doubt, 
it  doe  to  functional  chemical  difTerenoes  between  yegeUhle  and  animal  fibres. 
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Um  eoiMumer  himMlf  aMi  an  artieW  umnntrnt/UtnA  lo 
differaol  rtqairtoMOli. 

The  Maeli  in  qiMitkm  bmj  be  ouiMd  bj  Um  fbUoviif 


1.  AflSda— The  •otioo  oT  Um  vtrioot  addt 
rubber  Taries  eoosidemblj  aeeordinf  lo  the  mitofv  of  Um  Mid,  aad,  far 
Um  Mm9  aeid,  viUi  ito  ooootDtmUon,  and  viUi  Um  tMi|Mfatnf«  at  vIMi 
it  is  applied.  The  latter  point  b  rather  imporUat^  aa  will  be  otM  on 
examining  the  flnit  of  Hmfnauico  aod  Pahl's  toblea  given  on  page  IM, 
From  the  iguria  there  giTen  for  the  notion  of  inlpbofie  and  aeatja  aeid 
reepeoUTolj,  one  might  feel  jusUiled  in  drawing  the  eonehMJen  that  the 
aotioii  of  sulphuric  acid  upon  manufaotured  india  rubber  invariablj  pcO' 
duoed  a  decrease  in  weight,  Um  action  d  aoetie  aeid  almost  as  invariab^jr 
an  ioorease  in  weight,  in  the  test  piece.  Bat  this  eondosion  would  be 
entirdjenoneons.  The  abore  named  authors,  to  begin  with,  opeintod  wUli 
ooncentrations  of  these  acids  (27*5  per  oent  H,80^  and  44*5  per  eant 
Ofifi^  which  cannot  be  said  to  be  fsirlj  repreeentaUve  of  the  ooadMoas 
most  frequenUy  encountered  in  practice.  Thej  altogether  omitlod  tiM 
inTsstigaUon  of  the  simultaneoua  effect  of  acids  and  tempsratorss  op  to 
the  boiling  point  of  water.  In  my  opinion,  Uiia  work  sboold  be  rspsalad 
with  acids  not  exceeding  10  per  cent  in  strength  at  the  tcmperaUmi  el 
say  20,  60,  and  90*  C.  The  results  of  such  a  series  would  bear  much 
dearij  and  surely  upon  the  behaviour  of  manufactured  india  mbbar 
practical  conditions.  My  own  observaUons  leave  no  donbt  that  Um 
of  a  10  per  oent  sulphuric  acid  upon  india  rubber,  both  at  ordinary  and  at 
higher  temperatures,  is  much  more  marked  in  the  vast  majority  of  eaoss 
than  the  prolonged  action  of  27  per  cent  aoid  in  the  eoU.  Tteataant  of 
rubber  samples,  similar  in  composition  to  thoos  experimontsd  opon  by  tlM 
above  named  authors,  with  a  10  per  cent  strong  seotie  aeid  baa  vefj 
litUe  effect  in  the  cold,  but  acts  most  energeticaUy  at  tampetaturss  aboeta 
00*  C,  the  effect,  however,  being  not  an  increase  fai  the  weight  of  the 
sample,^  but  a  more  or  less  considerable  decreaae. 

Artiolet  panufaotured  from  aound  india  rubber  and  anlpbinr  aicne 
withstand  the  action  of  10  per  cent  solphurio  aekl  even  at  boiling 
temperature  for  very  long  periods,  provi<led  they  are  reasonably  ttvatsd  aa 
regards  mechanical  wear.  But  goods  of  this  high  quality  ars  not  Um  rals^ 
the  majority  of  consumers  preferring  those  of  a  low  firat  oost»  and  thaaa 
can  only  be  supplied  by  reeorttng  to  'mixings'  oontaining  mote  or  less 
considerable  quantities  of  mineral  matter,  aod  it  ia  in  this  daas  of  goods 
that  various  defecU  make  their  appearance  on  expoainf 
practical  oonditiona  to  the  notion  of  ackla. 

It  is  therefore  theee  mineeal  matten  whkh  ars  primarfly 
for  the  appearance  of  defects  in  rubber  artidea  expceed  to  the  actkn  of 
dilute  acid%  such  aa  sulphuric,  hydrochloric^  or  aaatie  aeid;  anditi 
>  Sm  tha  astiaordiaMy  jgawt  iitHsiawl  hf  H—una  mi  P4 
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that  if  the  mixings  contain  any  8ub8tance8  easily  acted  upon  by  these  acids, 
a  more  or  less  rapid  disintegration  is  the  unavoidable  result.  It  might  be 
thought,  however,  that  these  acids  could  at  roost  aflfect  merely  the  surface 
of  the  rubber  articles,  as  this  substance  is  generally  considered  the  water- 
proof substance  par  exedUnee,  This  is  another  of  those  deep-rooted  errors 
which  it  is  almost  impossible  to  destroy.  There  nre,  indeed,  scores  of 
substances  which,  as  mere  waterprooBng  agents,  are  infinitely  superior  to 
india  rubber,  and  which  absorb  scarcely  appreciable  quantities  of  water  on 
prolonged  inmiersiou,  whereas  india  rubber  under  the  same  conditions  may 
absorb  as  much  as  25  per  cent,  of  its  weight.  This  absorption  is  greatly 
facilitated  by  an  increasing  porosity  of  the  india  rubber,  and  as  the  porosity 
of  india  rubber  unavoidably  increases  with  the  proportion  of  mineral  matter 
which  is  worked  into  it,  the  action  of  the  acids  is  by  no  means  contined  to 
the  surface  only  of  the  articles.  If,  then,  this  mineral  matter  is  readily 
acted  upon  by  acids,  the  primary  nature  of  their  action  upon  rubber 
articles  is  perfectly  obvious.  This  action  in  its  simplest  form  is  simply  a 
dissolving  action,  but  in  many  cases  the  products  formed  by  it  may  exert  a 
secondary  actiou  upon  the  india  rubber  often  more  destructive  than  the 
first. 

Zinc  white,  Paris  white  (CaCOg),  and  lithopone  are  the  greatest 
offenders  in  this  respect,  and  they  are  also  used  more  frequently  in  rubber 
mixings,  and  in  greater  quantities,  than  any  other  mineml  substance. 

Dilute  sulphuric  acid  will  dissolve  out  the  zinc  white  and  the  zinc 
sulphide  of  the  lithopone  in  the  form  of  zinc  sulphate,  thus  converting  the 
rubber  into  a  finely  porous  mass,  and  I  look  upon  this  porosity  (sponginess) 
as  the  immediate  cause  of  the  mischief.  It  not  only  greatly  reduces  the 
resistance  of  the  remaining  india  rubber  to  friction  and  mechanical  wear 
and  tear  generally,  but  it  lays  it  open  to  the  influence  of  oxidation  in  a 
peculiarly  effective  manner.  Whether  it  is  merely  the  enormous  increase 
of  surface  which  renders  india  rubber  in  this  state  such  a  certain  prey  to 
oxidation,  I  am  not  prepared  to  insist,  but  it  is  an  everyday  observation  that 
india  rubber  rendered  porous  in  this  manner  undergoes  oxidation  at  an 
extraordinarily  rapid  rate.^ 

*  The  rate  at  which  s  sample  of  manufactured  india  rubber,  when  deprived  of  the  free 
sulphur  which  is  distributed  throughout  its  mass,  will  undergo  oxidation  is  perfectly 
astounding.  This  observation,  that  manufactured  india  rubber,  after  extraction  with 
acetone  or  carbon  bisulphide,  is  extremely  oxidisable,  led  Henriques  to  assume  that 
free  solphur  was  not  only  not  objectionable  in  manufactured  india  rubber,  but  acted, 
indeed,  as  a  preservative  of  it  This  assumption  I  consider  entirely  erroneous,  and  I 
hold  that  this  phenomenon  is  simply  due  to  the  finely  porous  condition  of  the  india 
rubber  caused  by  the  removal  of  the  free  sulphur.  This  view  is  confirmed  by  the 
circumstance  that  porosity  produced  by  the  removal  of  any  other  body  present  in  a  state 
of  fine  distribution  has  exactly  the  same  effect  It  is  also  confirmed  by  the  fact  that 
goods,  which  have  been  vulcanised  in  such  a  way  as  to  contain  only  just  appreciable 
traces  of  free  sulphur,  show  for  that  reason  no  particular  inclination  to  oxidation  ;  and  it 
is  further  supported  by  the  observation,  much  utilised  in  practical  working,  that  the 
admixture  to  india  rubber  of  substances  counteracting  incipient  porosity  by  filling  up  the 
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The  mUoo  of  dituU  talphiifie  add  (10  |wr  Mnt)  ttpos 
oooUining  Fm^  white  Uade  to  Um  gfwlual  trmrfunithw  ol  tlih 
•afasUoee  into  ealdum  milphAto  QiSO^SU^O.  Tbte  iVMlte  favolfw  a 
ootMidMbto  inor^Mt  00  tbt  biUk  or  th«  orifioftl  flddM 
And  it  pfodoea^  Ihoralof^  a  eofratpoodiBglj  coMidenahlo  IntonMl 
the  iudia  rubber,  which  rmi'len  it  epparootlj  haid  and 
rtducea  oonaiderablj  its  rwJatauee  to  wear  and  tear. 

Dilute  hjdroohloric  aeid  <5  to  10  per  eent)  dknlvw  Iho  rfM  vUlo  m 
well  aa  the  Paris  white  and  the  lino  milphtde  ot  the  litikopooe,  aad  lie 
aotioQ  ii  diatinotlj  mora  rapid  than  t^  of  aolphurie  add.  It  la  tJM  doe 
oiido  and  lioo  sulphide  which,  in  the  eaae  of  thia  aeki,  aiw  moai  ohjeolfawi 
able  00  aooount  of  the  fonnatioo  of  tine  eUorid%  whieh  iMa  a  eorioidly 
deatruotiTe  action  upon  indU  rubber.^  Coocentfmied  hjrdroehlofie  aeid 
(from  13  per  cent  upwards)  induces  a  more  or  leaa  rapid  deatredioa  el  tiM 
India  rubber  by  oooTertlng  it  into  poljrprcne  hjdroehlorkla. 

Dilute  acetic  acid  disaolTcs  the  lino  white  and  Paria  whilst  but  la  vitli. 
out  effect  upon  litho|>one.  The  Utter  maj  therefore  aalelj  be  uaed  la  tbe 
manufacture  of  rubber  goods  required  to  withstand  the  aetioii  of  this  aeid. 
Concentrated  acetic  acid  dtssolYee  the  aino  white  and  Plaiia  white  mtber 
more  slowly  than  the  dilute  acid,  but  it  shows  the  cariooa  efleei  of 
a  eonaiderable  swelling  of  the  India  rubber,  etpedallj  if  the  latter 
to  poaaesB  a  low  ooefficient  of  vulcaniaatioo.  Thla  ia  enriona  in  view  of  IIm 
fact  that  acetic  acid  has  neither  a  solvent  actioo  nor  STen  a  peroepUble 
swelling  action  upon  unvuloanised  India  rubber. 

The  aboTC  named  acids  are  those  to  the  ibtion  of  which  maimheliwd 
India  rubber  in  its  technical  use  ia  most  frequently  exposed,  and  it  wUl  have 
been  noticed  that  any  such  detrimental  actioo  of  these  adda  is  due  oei  so 
much  to  their  direct  action  upon  the  India  rubber,  aa  to  their 
one  or  other  of  the  raiueral  matters  with  which  it  haa  been 
There  are^  however,  aome  acids,  the  action  of  whioh  ia  rfiaiaelstiaed  bj  the 
oireomatanoe  that  it  affects  the  India  rubber  itself  imtber  tbBD 
matter  present  The  acids  of  this  deaoriptioo  moat  likdy  to  be 
by  India  rubber  articles  are  chromic  add  (Induding  biehroaaalaa)  asd 
nitrio  add.  Both  rapidly  deatroy  soft  rubber  goods  of  every  daaeriptioa, 
nor  are  any  means  known  of  rsduoing  snob  aeCkm  In  • 


pons  as  soon  aa  formad  iiiTariably  rtdoeta  iti  UabQity  to  wrfdiHw  I  leak  api 
admiztara  of  tar,  miaaral  oila,  panfla  wax,  aod  aiodlar  bodka  as  sBbalaaea  p«^ 
thia  valoabla  aarvioa. 

In  this  eoaaaotion  it  ia  ako  wwth  poiatiag  oat  that  laaly  givaad  i\ 
rabbarwaata,  whioh  haa  ban  bdlad  with  aooM  aUtaUaa  salatiao  aa  ai  la  difrive  It  af 
ita  fkaa  solphur,  aad  whieh  Is  sabaoqoaatly  driod  ia  a 
Ckem  the  lattw,  aaflte  osidatioa  at  Meh  a  lala  that,  afl«  a 
atmosplMra,  tha  whole  naaa  naehaaa  laaipantara  aAaa  aBHatfagttra    If 
naetioa  ia  not  ohaekad  ia  tioM,  the  rabbtf  bams  lala  lasMB. 

»  I  arnhMttaad  to  balkra  that  thia  aetloa  DoadiH  ia  aa  latiisiiliwlir  waaa 
maal  of  tU  polypiaoa  ooaBplax,  shm  paitkolariy  la  tha  iiisiBiahHnB  af  the  ah 
polyprroa  iuto  a  eyoUoal  polytvpaoc 
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minimum,  still  less  to  prevent  it.  Hard  rubber  goods  are  extremely 
slightly  aflfeoted  by  these  acids,  evidently  owing  to  the  fact  that  vulcanite 
oonstitutes  a  saturated  compound. 

It  is  only  to  be  expected  that  solutions  of  oxidising  agents  in  general 
affect  india  rubber  in  much  the  same  way  as  the  two  above  named  acids. 
This  action  is  very  marked  in  the  wise  of  solutions  of  bleaching  powder, 
ferric  salts,  nickel  salts,  cupric  salts,  and  vanadium  salts. 

2.  Alkalies. — Dilute  solutions  of  the  alkalies  have  very  little  action 
upon  manufactured  india  rubber  in  the  cold.  At  higher  tem[)eratures  and 
concentrations  they  have  a  tendency  to  considerably  soften  india  rubber 
poweooing  a  low  coefficient  of  vulcanisation,  and  still  more  so  india  rubber 
containing  much  free  sulphur.  India  rubber  thus  softened  tends  to  decay 
very  rapidly. 

If  the  india  rubber  contains  mineral  matters  which  are  chemically 
affected  by  alkalies,  such  as  zinc  oxide  and,  to  a  lesser  degree,  litharge,  the 
articles  very  generally  suffer  disintegration,  which  rapidly  proceeds  from  the 
surface  inwards. 

As  all  the  fatty  substitutes  are  saponifiable  by  alkalies,  ammonia 
excepted,  it  is  obvious  that  rubber  goods  coming  into  contact,  especially 
with  hot  alkalies,  should  not  contain  that  admixture.  For  the  same 
reason  such  goods  should  contain  no  saponifiable  resins.  In  this  respect  it 
should  be  remembered  that  some  brands  of  india  rubber  contain  saponifiable 
resins  as  a  natural  impurity. 

.3.  Organic  Compoundfl. — Generally  speaking,  all  organic  substances 
which  are  readily  absorbed  by  india  rubber  tend  to  deteriorate  it, 
especially  at  higher  temperatures.  Fatty,  mineral,  and  resin  oils  are 
especially  conspicuous  in  this  respect.  That  these  exert  any  chemical 
action  upon  the  india  rubber  is  very  improbable,  but  they  all  soften  it, 
and  thereby  render  it  more  liable  to  oxidation.  Aniline  and  similar 
organic  bases  act  in  the  same  manner,  but  the  surprisingly  destructive 
action  upon  india  rubber  of  some  of  them — notably  hydrazine  and  its 
organic  homologues — strongly  suggests  a  direct  reaction  between  them 
and  the  rubber  substance.  The  action  of  all  these  bodies  decreases  with 
an  increase  of  the  coefficient  of  vulcanisation,  and  the  latter,  therefore, 
should  be  carefully  considered  in  manufacturing  goods  known  to  be 
subsequently  exposed  to  the  influence  of  the  above  named  classes  of 
compounds. 

4.  Influence  of  High  TemperatiireB. — India  rubber  articles  exposed  to 
high  temperatures  may  develop  quite  a  number  of  defects.  The  most 
characteristic  of  these  are  as  follows  :— 

(a)  The  articles,  while  apparently  remaining  unaltered,  are  found,  on 

closer  examination,  to  have  lost  more  or  less  completely  their 
strength  or  cohesion. 

(b)  The  articles  assume  a  much  darker  colour,  often  look  as  if  their 

surface  had  been  singed,  and  the  latter  is  more  or  less  sticky. 
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(A)  ArUolM  powaMtng  •  ooniMmaiTelj  low  90ttMm%  of 
UoD  are  partioulurlj  liabb  to  dof«lop  this  dalM»  mptdkllj  H  tte 
allowed  for  Tukmoitatlou  has  boon  ifaort    Moeh  tbo  Mm 
oooun  also  id  articles  containing  a  oooridefmblo  aaoaiit  of  parmftu  was 
(5  per  cent  and  upwarda),  or  siroilar  hjdroearboiia. 

(B)  Thta  defect  ia  general! j  a»nciafed  with  gooda  **^*^Mnf  wbmnd 
oUa,  largo  qoantitiea  of  reooTored  rubber,  or  largo  proportiooe  of '  wilphido ' 
aubatitutee. 

(C)  This  last  defect  ioTariablj  appean  in  gooda  oootaining  'whiia' 
subatitutea  (chloroeulphidea),  but  more  oommonlj  it  ia  due  to  the  proMoea 
of  a  oonaiderable  amount  of  free  aulphur. 

The  first  two  defects  are  fatal  to  articles  which  are  to  be  habttuallj 
exposed  to  high  temperatures,  particularly  to  high  ptoaaio  atoua.  Tht 
'  blowing  out '  of  jointa  ia  generally  the  result  of  the  oaa  of  this  aba  of 
gooda.  Goods  showing  the  second  defect  require,  moreover,  a  frequaoi 
tightening  up  of  the  joints,  which  in  thia  caae  often  reralta  in  the  paddag 
being  pressed  some  distance  into  the  free  lumen  of  the  pipes,  ttma 
throttling  the  flow  of  steam. 

If  the  defect  described  above  under  C  is  not  aooonijmnied  6j  ioai  of 
strength,  it  is  not  in  iuelf  objectionable  in  steam  packing.  Indeed,  ia 
modem  practice  the  production  of  goods,  which  in  use  form  a  hard 
Tulcanised  joint,  is  aimed  at.  These  remain  abeolutolj  steaa  proof  aa 
long  aa  they  reamin  undisturbed.  A  typical  Ameriean  product  of  thia 
deecription  gave,  on  analysis,  the  following  results: — 


Indi*  rubber,     . 

8*28  per  cent 

Paris  white,     . 

\9-U 

BaUto.       . 

lOia       .. 

Plmabego.        . 

soft 

Oiganio  extract, 

1-85      ..      • 

BiaiB  filingi.    . 

.    916 

Free  inlphar,     . 

2-24       ,. 

Total  solphiir  in  mbber, 

.  l»-f7 

Salphar  of  Tulcaniea. 

GoeOohnt    of   valeaaia 

A- 

tba.      .        .        . 

1-42 

tioa.     .        .       . 

.     7-71 

Fkeneh  chAlk,    . 

26 -63       . 

The  low  percentage  of  resilient  substanoea  (rubber  and  Balata) 
taioed  in  thia  packing  renders  it  rather  rigid  to  b^gia  with.  This 
rigidity  is  subsequently  very  much  increaaed  by  the  h^  ooalHoieDl  of 
vulcanisation,  and  in  use  this  steam  packing  will  beoooM  harder  still  aa 
the  result  of  the  after>vulcanisation  produced  by  the  largo  amount  of  free 
sulphur  present 

There  are,  of  course,  other  chases  of  rubber  goodi^  tbo^haidniaf  «f 
which  under  the  influenoe  of  heat  would  bo  highly  objoelioaabK  aa 
steam  hose,  motor  oar  Urea. 

5.  The  Oxidstion  of  Babbsr  Ooods.— Under    thia  hMidfa<f  are 


1  This  eridently  ooaristrf  of  eooM  so 

*  CalouUied  ttpoB  the  wan  of  the  peroentf  qf  iadk 
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number  of  defeoto  which  all  poasess  the  common  characteristic  of  tho 
rubber,  becoming  stiff  and  hard,  or  else  being  converted  into  a  more  or 
leoB  sticky  and  plastic  substance. 

Whether  all,  or,  indeed,  any,  of  these  defects  are  to  be  attributed  in 
their  final  stages  to  oxidation  or  not,  is  uncertain,  but  they  undoubtedly 
arise  in  the  first  instance  from  a  great  variety  of  causes. 

That  india  rubber  is  extremely  prone  to  oxidation  is  a  matter  of  every- 
day observation.  Indeed,  this  is  only  what  the  peculiar  chemical  nature 
of  india  rubber  would  lead  one  to  expect.  The  more  or  less  pronounced 
tendency  of  all  terpenes  to  'resinify' — i.e.^  to  form  resinous  bodies  by 
absorption  of  oxygen — goes  a  long  way  to  explain  the  analogous  tendency 
of  india  rubber.  The  spontaneous  oxidation  of  the  terpenes  has  been 
very  little  studied,  but  it  appears  to  proceed  011  lines  similar  to  a  great 
number  of  other  cases  in  which  the  formation  of  hydroxyl  plays  an  im- 
portant part.  The  same  is,  no  doubt,  true  of  many  of  tho  cases  of  oxida- 
tion in  india  rubber.  Perhaps  this  explains  the  very  curious  phenomenon 
that  india  rubber  in  intimate  contact  with  oxidising  bodies  invariably 
becomes  oxidised  itself.  Herein  lies  one  of  the  most  potent  reasons  against 
the  use  of  unstable  or  oxidisable  substances  in  india  rubber  mixings. 

The  formation  of  resinous  bodies  from  india  rubber  (unvulcanised) 
under  the  influence  of  atmospheric  oxygen  was  first  observed  by  Spillkr 
(tee  page  9).  Subsequently  Burquahdt^  paid  some  attention  to  the 
technical  side  of  this  subject,  and  he  arrived  at  the  conclusion  that  '*  the 
amount  of  oxygen  taken  up  or  combined  with  the  caoutchouc  is  an  index 
of  the  amount  of  deterioration  which  it  has  undergone."  In  support  of 
this  statement,  he  quotes  the  following  analyses : — 


Carbon,  . 
Hydrogen, 
SaJphur,  . 
Oxygen,  . 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

No.  6. 

87-27 
12-73 

m. 

Nil. 

87-60 

10-00 

260 

Nil. 

77-91 

10-33 

6-16 

6-61 

72-63 

11-31 

1*97 

U-19 

64*00 
9-26 
2-28 

24-46 

No.  1.  Pure  caoutchouc  from  Pari. 

No.  2.  Theoretical  vulcanised  elastic  thread. 

No.  8.  Vulcanised  elastic  thread,  perfectly  sound. 

No.  4.  ,,  „  damaged,  but  still  elastic. 

No.  6.  „  „  „         brittle  and  very  hard. 

Tliis  subject  was  further  investigated  by  Thomson,'  who  also  observed 
the  marked  oxidation  by  the  oxygen  of  the  air  especially  at  higher 
temperatures.  The  detrimental  effect  he  ascribes  to  the  air  occluded  in 
the  pores  of  rubber  goods  is,  however,  greatly  exaggerated,  as  the  amount 
of  oxygen  thus  present,  even  if  it  is  all  taken  up  by  the  india  rubber,  is 

'  Thorpt^s  Did.  of  Appl.  Cfiem.,  vol.  ii.  p.  320. 
•  Journ.  Soc.  Cfum.  Ind.,  1886,  \^.  710. 
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Ikr  too  nuOl  to  MOifiblj  aBM  tbo  In*    -     " 

▼ttloAoiM  rubbar  goods  Id  fioiio  b  totir 

a  prMlfod  oortdatj  thai  it  would  rwuH  in  tkm  \ 

proportion  of  hioltj  (blown)  gooda.    Twomom  ^  ^  i'^  ^.^^^  .w 

that  the  oxtmotioo  of  tbo  frto  nilpbur  roodori  abU  to  vorj 

rapid  dttoriofrntloQ,  and  bto  oiplanatkw  thai  t  jjorattty 

oauoed  by  the  removal  of  the  ■olphar  partkl  ..  ooctkI. 

Thie  ie  equally  true  in  regard  to  hte  italaaMOt  ireeenee  of  olH 

eapeelallj  fattj  oile,  in  India  rubber  nuoh  iiicrcnici  Iti  leodMOj  to 
oiddation ;  and  bit  Btatement  that  in  thia  raapeei  palm  oU  ihova  tim  mort« 
aud  colia  oil  the  leaet,  aotiTitj  it  fairly  in  tooordaoee  with  our  praetkal 
experieooe— at  any  rate,  to  far  at  the  lut  named  of  thete  oHi  ie  oopcenied. 

We  owe  to  HOrNia  ^  a  qutntitatiTe  obeenralioo  of  the  abeotpUoa  of 
oiygen  by  india  rubber.  He  aeoertainod  that  an  iodia  rubber  Hopper  of 
40*8  grma.  weight  ahowed  during  tix  moothe  a  daily  oiygeo  abiorpCioo  of 
0-074  0.0,  or  a  total  of  about  14  o.o.«S0  mgrmt.  Thk  rauU  beara 
obTioualy  no  appreciable  relation  to  the  weight  of  the  rubber  ttoppv 
experimented  upon,  but  only  to  ita  turfaoe,  which  it  noi  ttaied. 

The  diaattrout  effect  of  copper  upon  india  rubber  wtt  fin 
by  BuBORARDT,  but  it  mutt  be  remarked  that  dtflertot  oopper 
aot  Yery  differently  in  thia  reepect,  intoluble  compoooda  aearoely  aelipg  ai 
all.  1  hit  it  the  reaaon  why  *dry  heat  cured '  waterproof  Cabrici,  the  tMk 
of  which  contains  oopper,  very  rarely  give  trouble  on  that  toore,  the  oaprie 
tulpliide  formed  in  the  vulcanitation  prooeat  being  praotically  ioaoeiiovL 
Under  the  tame  oonditiont  cupric  chloride,  which  acta  at  a  meal  aaatgetic 
oxygen  carrier,  and  rapidly  deatroyt  the  proofinc^  would  fSorm  fai  *oold 
oured '  cloth. 

In  the  teriea  of  obeervationt  on  the  following  page  are  giveo  the 
reaulta  of  a  number  of  teata  in  thia  direction  made  by  impngiialiaf 
aooured,  bleached,  and  carefully  waahed  ootton  doth  with  aolotiona  of 
varioua  atrengtba  of  cupric  tulphate.  The  fenta  were  then  dried,  paaaed 
through  a  dilute  solution  of  sodium  oarbooate^  washed  sod  again  dried. 
In  the  various  fonts  so  prepared,  the  psroeotags  of  ooppsr  prmsni  was 
estimated.  Fents  1  to  9  wers  spread  with  pure  Pari  rubber,  and  'coU 
ouied' ;  fents  10  to  17  were  spread  with  a  mixture  of  purs  Pari  with  6  per 
osot  of  sulphur,  and  *dry»  bast  oured.'  These  samplea  wart  then  poi  by 
and  examined  upon  from  time  to  time^ 

The  remarkable  influence  of  tha  mode  of  mlcanisstfam  npoo  tha 
activity  of  tha  oopper  will  readily  ba  noted;  ao  will  tba owioaB  BmS thai ao 
very  minute  quantities  of  ooppsr  ars  eapabia  apparsol^ 
unlimited  quanUUes  of  india  rubber.  Raspsetiog  this  point,  I 
the  ouprio  salta  in  the  textile  fabrioa  enter  into  organic 
probably  with  acid  produota  of  tha  osldatioii  of  faMlla  fwbbat;  md  thaaa 
oompounda  gradually  penatrata  into  the  India  lubbar.  oarrytag  CMr  sAat 
1  JuM.  Pk0.  CSUai..  H.P.  suiT.  1. 
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through  its  whole  mass.  The  action  of  the  cuprio  salts  is,  of  course,  that 
of  the  oxygen  carrier,  and  may  be  expressed  by  the  equations : 

2CuO  -  Cu,0  +  0, 
CutO  +  0  -  2CuO, 

which  explain  why  mere  traces  of  copper  suffice  to  destroy  an  almost 
unlimited  quantity  of  india  rubber.  This  action  of  copper  in  the  cloth  is 
enormously  accelerated  by  the  presence  of  oils  or  greases  in  the  cloth, 
which  no  doubt  act  as  an  excellent  vehicle  for  the  carrying  of  the  cupric 
salts  in  the  india  rubber. 


NaoTT^ 

Peroent 
Co. 

Appearanco  after 

1 

0-004 

6  months :  perfectly  sound. 
12       ,,      :              ,, 
18       „      . 
21       ,,      :  very  slight  signs  of  decomposition. 

t 

0-008 

6       ,,      :  sound 
9       „      :  doubtful. 
12       ,,      :  distinctly  decomposing. 

8 

0  010 

6       ,,       :  very  doubtful. 

9       „       :  decomposing. 

«       ,,       :  very  doubtful. 

9       ,,      :  batuy  decomposed,  hard. 

4 

0-0-25 

6 

003 

6       ,,      :  decomposition  very  nmrke<l. 
9       ,,      :  auite  hard  and  brittle. 
8       ,,      :  distinctly  decom{K)sing. 

« 

0-045 

6       ,,      :  badly  decomposed. 

7 

0  065 

1  month  :  decomposing. 
3  months :  quite  hard. 

8 

0-100 

1  month  :  badly  decomposed. 

9 

mi. 

Sound  after  6  years. 

10 

0  004 

i>            >> 

11 

0008 

6  years  :  distinctly  stiffened,  but  still  saleable. 

12 

0-010 

Getting  stiff  after  3  years  ;  after  6  years  decomposed. 
21  months :  signs  of  change. 

18 

0-025 

14 

0  030 

*)                >i             i> 

15 
16 

0045 
0  065 

1 5  months  :  distinctly  decomposing. 
9       ,,       :  already  hard. 

17 

0-100 

4       „      :  distinctly  decomposing. 

The  salts  of  nickel,  manganese,  and  tin  act  similarly  to  those  of  copper, 
though  in  a  much  less  degree.  Whether  the  salts  of  iron  are  caj)able  of 
such  action  is  still  doubtful ;  theoretically  one  would  expect  it.  Chromic 
salts  are  without  any  action. 

Rubber  goods  containing  excessive  quantities  of  heavy  coal  tar 
hydrocarbons,  mineral  oils,  fatty  oils,  or  greases,  are  very  liable  to  rapid 
destruction  by  oxidation.  Goods  of  this  description  will  generally  be 
found  to  be  of  very  low  quality,  and  as  the  above  named  oily  bodies  tend 
to  swell  the  india  rubber,  they  thereby  impart  to  it  a  certain  softness  and 
resilienoy  suggesting  a  better  quality.  In  this  swelled  state  india  rubber 
u  particularly  sensitive  to  oxidation. 

Fatty  substitutes,  if  present  in  large  quantities,  are  liable   to   affect 
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iiuJiA  rubber  in  the  mmo  waj  li  tao  LouiAm  rtj-r.  itccIiIa^cv  <jf  irr<    .  ;.- 
or  if  thej  aro  cbemicallj  uiuUblo. 

la  a  Twj  kif*  mimlMr  ol  omm  «•  iod,  bav*««r,  iadk  rabhtr  fnii 
mflMng  mpid  jwtniolioo  from  otldftlioo  wiUbovl  lb««  htkag  uij  61  fkm 
•bore  oMMd  oootribntlf*  cmmi  pntaot  I  btlkr*  tlkU  fai  tD  tJbfl»  «Hi 
A  tkuMj  mUMimtioik  to  a  Um  boUMB  of  Um  wiMbirf  UafcwiMilily 
ooiibor  a  Ikultj,  nor,  M  a  fwUlMr  of  he^  *  oorrMli  v«loMlntioo  «b  U 
diftD«d  Id  ttrnplf  UmM,  sueh  m,  for  iniUoea,  maj  bt  OMd  rvpoolfaif  Ik* 
eooflWioi  of  vuloiBiaMkNL  Tho  Utltr  MrUiiil/  bmij  bt  t?i(UD00  ol  haiHf 
TulmiiaUioii  vbeo  il  !■  obvioaelj  oaoMaUj  low  or  Qtummmkij  Ufb« 
but  it  it  quitt  ooooeirtble  that  t  pitet  of  rubbtr  mtj  bt  btdlj  mlttaiMd 
thoqgfa  it  potiettet  t  ittitftiotory  ootftoitot  of  ▼ulotniitioB  Xbtpk|yri«l 
oooditiont  undtr  whieb  Tulotoltttioo  btt  btto  otrritd  out  titri  tiiOfOM 
infltionft  upon  the  ttabilitjr  of  tbt  product,  more  ptrtioukrlj  apoo  ite 
UtbOitj  to  oxidttioo,  tnd  at  the  prettnt  ttmt  vt  are  not  jti  in  a  poiilimi 
to  tiotrtain  in  numerical  terma  tbt  tflbot  of  aoj  pomibit  tombinatif  of 
Tolcaniting  ooodittoot  in  relation  to  anj  givto  ootOoltoi  of  nUtaaliBtlta. 

a.  DfftdB  im  J/yptaraiiee.—- DefeoU  of  tbia  dttoripCioa  maj  bt  dot  to 
mtebanleal  oaotti,  to  uneuitablt  pbjaioal  oonditkmt  (apart  from  thoat 
which  may  pottiblj  exist  in  the  rnloaniaing  pmctm)  during 
or  to  otrtain  faulta  in  the  mixings  or  ouring.  We  need  oolj 
ttlret  btre  with  defeott  due  to  the  latt  two  oaiitea— indeed,  it  will  bt 
tbat  at  far  as  blemiabet  in  the  appearanoe  of  india  mbbtr  goodt  art  tOB- 
ttrned,  the  cauae  liea  almost  invariablj  in  tbt  mloanking;  and  tooMa 
gtntraUy  of  lomt  kind  of  discoloration.  Tbttt  dtliolt  apptar,  tbtraion^ 
mott  frtquentlj  in  white,  dra(\  and  ookmred  rabbtr  good%  and  tbtj  an 
oaused  either  by  the  action  of  sulphur  Tapour  or  by  tbt  actkm  of  tbWdt 
of  sulphur,  and  not  uncommonly  by  tbt  oombintd  aotioQ  of  obloridt  of 
sulphur  and  moisture,  upon  tbt  pigmtota  and  other  oolonring  aMttara  to»- 
tained  in  the  india  rubber.  Eithtr  tbtte  are  not  abit  to  wilbtUad  Iht 
in(lflfw>f  of  tbett  subatanoee,  in  which  cate  the  colouring  materiak  aatd 
bavt  bttn  injudiciously  stltcttd,  or  thty  contain  tomt  impority  wbieh  ii 
raapoosible  for  their  discoloratioo,  or  perbapa  the  *tiirt'  baa  btto  too  pv»- 
looged  or  carried  out  at  too  high  a  temperature,  or  tbt  *  told  onteg  * 
tolntton  haa  btto  too  atrong  or  carried  out  ondtr  eooditiont  lifovteg  Ibt 
dtpoiition  of  moittart  upon  tbt  turftiot  of  tbt  gooda.  A  tarrfU  aMit 
tion  of  tbt  goods  and  of  the  materials  nttd  io  tbt  mannfactlwrt  will  in 
moat  oates  readily  fumiab  the  clue  to  tbt  txplanataoo  of  tbt 

Tbt  apptaranot  of  tbt  ftat  tulpbor  oontaintd  in 
mbbtr  upon  iU  surface  (* sulphuring  up*)  Is  in  tbt  tatt  of  a  largt 
of  mbbtr  articlea  looked  upon  as  an  tftotivt  finitb,  in  tvtty  way  Io  bt 
pnftnvd  to  tbt  ratbtr  emdt  apptaranot  of  tbt  goods  hmk  from  ibt 
Tiiletnising  room,  as  il  imparts  to  tbtm  a  aofl,  fahtty  twteea.  In  mtmf 
otbtr  arUdes,  notably  eoburtd  and  bbek  goods,  tbia  <  tnlpbaiiag  up '  it, 
bowtTer,  regarded  as  a  ttriona  dtfaet^ 
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This  phenomenon  is,  of  oourse,  due  to  the  excess  of  sulphur  in  the 
vulcanised  goods,  which,  after  Tuloanisation,  gradually  changes  from  the 
colloidal  to  the  dystalloidal  form  (toe  page  111),  and  it  is  evident  that  it 
is  oloselj  connected  with  this  change  of  physical  condition,  because  an 
unvulcanised  mixture  of  india  rubber  with  ciystalloidal  sulphur— flowers 
of  sulphur,  ground  rock  sulphur — never  sulphurs  up.  A  vulcanised 
rubber  article  which  has  a  tendency  to  '  sulphur  up '  will  not  do  so  for 
months  if  it  be  kept  at  a  fairly  uniform  temperature  in  a  perfectly  duat- 
free  atmosphere,  but  the  moment  it  is  touched  by  the  hand  or  by  a  brush, 
or  as  soon  as  it  is  exposed  to  dust,  the  process  of  'sulphuring  up'  begins, 
and  in  a  few  hours  will  spread  all  over  the  surface.  At  first  a  very  fine 
film  is  formed,  composed  of  microscopically  fine  sulphur  crystals,  which  in 
course  of  time  (and  provided  there  be  a  sufficient  amount  of  free  sulphur 
in  the  article)  grow  in  size  until  eventually  they  become  plainly  visible  to 
the  naked  eye. 

The  current  notion  is  that  this  occasionally  very  troublesome  defect  is 
simply  due  to  the  fact  that  sulphur  is  slightly  volatile  at  ordinary  tempera- 
tures. This  view  I  consider  entirely  erroneous.  Indeed,  if  the  extremely 
slight  volatility  of  ordinary  sulphur  were  the  cause  of  the  'sulphuring 
up,'  we  should  expect  this  defect  to  disappear  even  at  a  quicker  rate  than 
at  which  it  appears,  or,  in  other  words,  it  could  not  exist  at  all.  From  what 
has  been  shown  respecting  the  curious  phenomena  accompanying  the 
crystallisation  of  colloidal  sulphur  (page  llOjf.),  it  is  evident  that  this 
process  of  'sulphuring  up'  would  much  more  aptly  be  described  as  a 
process  of  'sulphuring  down' — ».e.,  the  process  does  not,  as  is  generally 
suggested,  begin  below  the  surface,  gradually  working  its  way  outward,  but 
it  begins  at  the  very  surface  itself. 

The  sulphur  remaining  free  after  vulcanisation  is  fairly  evenly  dis- 
tributed throughout  the  india  rubber  in  the  form  of  extremely  small 
globules  of  colloidal  sulphur,  and  these  retain  their  colloidal  state  until 
one  or  more  of  them  lying  exposed  on  the  surface  begin  to  crystallise 
under  the  influence  of  extraneous  agencies.  Crystallisation  once  having 
started  on  the  surface,  rapidly  spreads  over  it — at  any  rate,  under  the  condi- 
tions of  repeated  handlings  to  which  rubber  goods  are  subject  in  the 
factory.  The  action  of  all  these  crystallised  globules  is  now  exactly 
identical  to  those  described  on  page  111  and  figured  on  Plate  III. — t.e.,  the 
vapour  tension  of  crystallised  sulphur  being  considerably  lower  than  that 
of  colloidal  sulphur,  every  one  of  them  represents  the  centre  of  a  mini- 
mum of  vapour  pressure,  to  which,  consequently,  all  the  colloidal  sulphur 
from  the  inside  of  the  rubber  article  gradually  distills,  crystallising  around 
it  in  the  well-known  dendritical  forms.  It  is  therefore  evident  that  the 
'sulphuring  up'  starts  entirely  from  the  surface,  the  colloidal  sulphur 
inside  the  rubber  then,  bo  to  speak,  condensing  on  this  outer  crystalline 
snrfiioe. 

Once  formed,  the  permanent  removal  of  this  sulphur  condensation  is  an 
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oztroisdjr  diibcuii  matter.  The  remedy  tb«rdore  bti  m  Um  pravwiuoo  of 
iU  formalioii.  Thii  mufl  obvioiMlj  bt  poirible  hi  one  of  th*  feOovii^ 
w%j%: — 

(a)  Vulouiitiiig  with  m  miuJI  an  ne—i  o(  •uipnur  m»  p 

(6)  VulauiWng  und«r  mdi  oooditkmi  tha  at  Um  md  o: 
all  the  frM  lulphitr  hat  dkappMnd. 

(r)  Utting  rubber  mixingi  oootaining  rabitoiieM  vbieb  wiU 
combine  with  the  free  sulphur. 

(d)  CoaUog  Um  TukaoiMd  artiolat  irith  Mait  ftnkb  or  poUA 
meable  to  tolphur  Tapoun. 

(«)  Kmplojing,  in  the  mixing,  tiibataiiooi  poMewing  Um  piupattjf  of 
rendering,  after  Tuloaniaation,  tbo  frao  ooUoidal  aulphur  crjaialUno 
throngbout  the  num  of  the  artldaa. 

In  praetioe  method  (a)  it  the  one  moat  generallj  followed,  but  to  be 
effioaotona  it  requlrea  an  extremely  nice  adjuatment  of  the  proportiooa  of 
india  rubber,  aulphur  oarrie^^  rubber  subatitutea,  and  aulphur  emplored, 
and  of  the  time  and  temperature  to  be  allowed  for  ruleaniaatioi: 

Method  {b)  can  only  be  used  with  gooda  ruloaniscd  bj  tho  *opeo  euri^' 
in  which  the  aulphur  Tapoun  maj  freelj  paM  off  the  TukanWag  goodi. 
On  a  very  large  aoale  thia  method  ia  adopted  for  tho  enring  of  rubber 
aboaa  and  goloehet. 

Method  (e)  would  be  perhape  the  moat  aatiaCactoiy  method  to  eaplqj 
all  round.  There  are  many  preparations  in  the  market  for  the  purpoH^ 
but|  as  jet,  none  of  them  can  be  relied  upon. 

Whether  method  (d)  is  satisfactory  or  not  depends  mnefa  upon  the 
amount  of  free  sulphur  present,  as,  at  the  preaeot  nioinont»  we  do  noi 
know  of  any  absolutely  sulphur-proof  coating  for  the  purpose. 

I  am  not  aware  that  thia  method  (</)  baa  so  far  designedly  been  rssorted 
to^  but  the  action  it  inToWea  doea  by  no  meana  sppoar  impowibli  of 
realisation.  Its  achievement  would  repreaent  a  most  Taluable  tsi^hnioal 
acquisition. 

The  defect  known  as  *roUmg,'  or  *corJUmg,'  which  not  uncommoi^y 
occurs  in  waterproof  fabrica,  must  also  be  moDtiooed  bera.  It  ia  moii 
usually  due  to  shrinkage  of  the  cloth  on  ezpoeura  to  rain,  fai  whieh 
ahrinkage,  of  course,  the  fbbber  coating  dosa  not  take  pari  It  moat^ 
bowoTer,  be  borne  in  mind  that  a  rwj  aimilar  phnooMOOo  may  be  pro* 
duoed  in  the  cold  curing  of  proofed  doth,  the  rubber  coating  of  whieh  boa 
not  been  dried  effectually,  and  oooaaqoantfy  still  rataina  aome 
Whether  tho  oanae  of  the  roiling  Ilea  in  the  ololh  itaalf  or  in  the 
may  readfly  be  decided  by  oboenring  in  which  dlreetko  tiM  oloCh 
Rolling  towarda  the  ototh  akle  ia  certain^  doe  to  ahrinkage  of  CIm  oIoIK 
rolling  towarda  the  rubber  akle  to  tho  eold  oaring  of  an  iasparfsetly  diiad 


APPENDIX. 

SANITARY  CONDITIONS  IN  INDIA  RUBBER  WORKS. 

In  the  mind  of  the  general  public,  an  india  rubber  works  is  always 
AflBOciated  with  all  sorts  of  evil  smells,  and  it  must,  unfortunately,  be 
admitted  that  there  is  substantial  ground  for  this  indictment,  although 
within  the  last  ten  years  much  has  been  attempted,  and  not  without 
sueoees,  in  mitigation  of  this  state  of  things.  Still  much  remains  to  be 
done.  Fortunately,  in  this  respect  most  manufacturers  today  clearly 
realise  that  the  existence  of  insanitary  conditions  in  their  workshops  is 
not  only  reprehensible  on  ethical  grounds,  but  also  a  very  potent  cause  of 
'slackness,'  or  loss  of  power  of  production,  in  the  work  people,  though 
there  is  still  a  good  deal  of  indifference  with  regard  to  insanitary  con- 
ditions, the  remedy  for  which  is  suspected  of  having  '  no  money  in  it.' 

In  the  following  pages  I  propose  to  deal  with  the  insanitary  conditions 
in  india  rubber  works  in  the  order  in  which  they  are  likely  to  arise  in  the 
progress  of  manufacture. 

1.  Rubber  Washing. — The  first  operation  the  crude  rubber  undergoes 
on  entering  the  factory  consists  in  a  washing  process.  As  a  preliminary, 
the  rubber,  if  necessary,  after  being  reduced  by  cutting  to  pieces  of  a 
suitable  size,  is  placed  in  tanks,  where  it  is  boiled  with  water  for  a  certain 
time.  From  these  tanks  it  passes  to  the  well-known  washing  mills,  the 
washed  sheets  emerging  from  which  are  subsequently  dried  either  in  hot-air 
stoves  or  in  vacuum  pans. 

The  nuisance  likely  to  arise  in  this  process  is  in  the  boiling  of  the 
rubber.  No  trouble  in  this  respect  is  likely  to  arise  in  the  boiling  of  very 
high  grades  of  rubber,  but  a  few  of  the  medium  and  low  grade  brands  give 
oflf  an  almost  unbearable  stench.  The  obvious  remedy  for  this  is  to  carry 
out  the  boiling  in  closed  and  ventilated  vessels.  The  alternative  of  fixing 
a  hood  and  ventilating  shaft  above  the  tank  would,  no  doubt,  be  equally 
efficacious  in  abating  the  nuisance  inside  the  workshops,  but  its  trans- 
ference to  the  open  air  in  densely  inhabited  districts  would  not  long  be 
tolerated. 

2.  Rubber  Mixing. — A  large  variety  of  organic  and  mineral  compounds 
are  mixed  with  india  rubber,  and  amongst  the  latter  the  compounds  of  lead, 
zinc,  and   antimony  occupy  a   very   prominent  place.     In   many   rubber 
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faotortM  ih«M  oMtorkb  •n  iifud  btfort  btiog  mhtA  with 
rubber,  Mid  it  to  iliU  ooetonMy  in  bmoj  plaoM  to  p^fotm  Uiii 
bj  hand.    It  it  quite  atedltM  to  dwell  upoo  Um  diiifw  Vke^  to  Aitoe 
this  reprabeodble  piMtleib  and  the  iilUof  by  nmtMnmj  of  aU  lend  tad 
liiie  oompomidi  tboold  be  rigovooalj  imieled  opoo. 

The  rniiing  roUan  employed  io  robber  Ibeloriee  noil  alw  be  mwHond 
••  a  aooroe  ol  denger.  Theee  moflhinee,  ee  ie  well  koown,  eooeiet  of  two 
heoTj  roUon  plaeed  horieooullj,  between  whieh  the  iodio  robber  end 
other  faagrediento  aio  worked  into  e  bo—pgenoom  ailitm 
the  dongorooi  ehmotar  of  thie  kind  of  BMohfait,  It  ii  vnUy 
the  number  of  eoddente  oooorring  ia  eo  emelL  Tlioee  that  get  their 
oeught  eomebow  alweje  meDtge  to  tear  them  from  the  grip  of  the  loQen^ 
thoogfa  they  maj  leave  their  naile  behind  and  get  their  finger  ends  moiw  or 
lem  aoTerelj  omahed.  There  are,  bowerer,  a  number  of  eaaea  00  reeord  of 
men  not  having  eoeoeeded  to  aave  themeelTee  in  thie  maimer,  hot  being 
drawn  into  the  maehine  and  having  their  arm  or  arrae  torn  fhmi  their 
bodiee.    This,  of  ooune,  meant  death  in  itt  mott  appalling  form. 

For  ttarttDg  and  itopping,  thete  machinet  potteti  00  their  dnrltf 
wheels  a  clutch  and  ttriking  gear ;  but  it  it  a  veil-known  Uei,  that  when 
the  machine  hat  its  load  on,  it  it  a  phjtical  impoetibilitj  to  open  the  ehiteli 
and  ttop  the  machine.  There  it  no  reaton  whatever  why  aoeh  aa  l» 
elBcieDt  type  of  clutch  should  be  tolerated,  as  there  are  quite  a  romber  of 
olutchee  known  which  do  not  poeeeet  thit  grave  defect' 

3.  Goal  Tar  Naphtha,  Petroleom  Spirit,  Shale  (ML— Theee  weD^DBOvn 
eolventa  are  the  cause  of  a  good  deal  of  trouble  in  india  rubber  worka.  In 
thoee  workroomt  in  which  thete  tolventt  art  not  deliberately  evaporated, 
where,  therefore,  they  are  only  expoted  to  normal  workahop  temptratwoib 
no  incoDvenience  is  experieuced,  aa  it  it  obviously  in  the  interttt  of  the 
manufacturer  to  adopt  all  pottible  meant  to  avoid  a  prtmatnrt  evaporatkm — 
ie.,  waste  of  tolventt.  The  case  it  different  in  thoee  rooma  in  which  them 
tolventt  are  purpoeely  evaporated  eo  at  to  leave  a  dry  coat  of  rubber  on  a 
textile  fabrio.  Evaporatioo  of  the  eolventa  ia  earned  out  00  the 
known  at  'apreading  maohinei^'  and  nted  in  the  mannfaotore  of 
doth.  This  industry  baa  aatomed  enormoot  proportkmt.  Tht  yearly 
production  of  waterproof  fabrict  in  Qrtat  Britain  tlooe  aaBOunt%  on  a 
moderate  oomputation,  to  at  least  1SS,000  pieoea  of  M  yaidt  eaeh. 
Taking  the  very  moderate  average  of  8  oa.  diy  weight  of  robber 
per  yard  of  cloth,  and  taking  the  *naphtha  moittnre'  of  the  robber 
need  aa  amountiug  to  60  per  eent.,  alao  a  moderate  eBtlnMif%  thit 
give  ut  the  quantity  of  eolvente  evaporated  In  Britkh  i 
amounting  to  2000  tone,  or  tay  600,000  galloot,  ptr  aomm.  It  It 
lore  not  to  be  wondered  at  that  the  atmoapher^  even  in  the 


>  ▲  v«y  iagniooa  dtvios,  wabliag  tht 
hMtaaUytvwifbothhishMdsshoekl  bs  SMgbt,  hM  hii  iliiiiftiil  ly  Mr  P.  ft^ofw 
ia  his  book  00  OmmmU,  OmUf  irgii  mmi  Jtltii,  Liiprig,  mt.  _ 
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and  spacious  of  spreading  rooms,  is  quite  unbearable  for  anybody  not 
inured  to  it,  and  becomes  at  times  even  unbearable  to  the  workmen,  who 
then  resort  to  the  simple  British  plan,  not  unknown  in  respect  of  less 
objectionable  occupations,  of  *  walking  out  of  it' 

Upon  the  question  whether  the  vapours  of  the  above  named  rubber 
solvents  are  dangerous  to  health,  I  do  not  feel  competent  to  express  an 
opinion.  They  certainly  irritate  the  eyes  and  the  respiratory  organs,  but 
this  effect  is  not  observable  in  those  accustomed  to  work  in  an  atmosphere 
charged  with  these  vapours.  On  the  other  hand,  there  is  no  doubt  what- 
ever that  working  in  the  atmosphere  of  a  spreading  room  very  frequently 
produces  strongly  marked  effects  on  the  men,  who  often  plainly  show  all  the 
symptoms  of  intoxication.  Under  specially  imfavourablc  conditions  cases 
of  actual  stupor  and  markedly  dilated  pupils  not  infrequently  occur.  Even 
where  these  symptoms  are  absent  there  is  generally  a  decided  increase  of 
the  frequency  of  the  pulse.  The  latter  I  have  repeatedly  observed  as  high 
as  86  per  minute.  In  young  boys  who  are  new  to  the  work,  this  naphtha 
intoxication  produces  a  curious  hysterical  condition  followed  by  stupor. 
The  effect  passes  off  after  a  few  hours'  sleep,  and  gradually  the  boys  appear 
to  become  less  subject  to  the  influence  of  these  vapours.  As  a  curious  fact, 
I  may  mention  that  the  number  of  abstainers  amongst  india  rubber 
spreaders  appears  to  be  singularly  small — in  fact,  I  have  never  met 
one  yet. 

Whether  the  above  conditions  are  matters  for  Government  interference 
must  be  left  to  the  medical  advisers  of  the  Home  Office  to  decide,  but 
there  can  be  no  doubt  that  it  is  inimical  to  all  the  interests  of  manu- 
facturers to  have  a  large  body  of  men  in  their  factories  working  all  the 
year  round  in  a  state  bordering  on  intoxication. 

The  obvious  remedy  for  this  nuisance,  to  apply  a  very  lenient  term  to 
it>  is  not  to  allow  these  solvents  to  pass  into  the  atmosphere,  but  to  con- 
dense them  as  soon  as  they  are  formed.  This  problem  has  attracted  the 
attention  of  quite  a  number  of  manufacturers  and  inventors,  many  firms 
putting  up  installations  for  the  purpose.  Most  of  these  were  abandoned 
after  a  period  of  experimenting ;  some  of  them  are  working  still,  but,  from 
all  the  information  I  could  gather,  with  rather  indifferent  results.  This, 
in  my  opinion,  is  entirely  due  to  the  wrong  principles  upon  which  the 
plants  in  question  were  or  are  constructed. 

It  appears  that  in  every  case  the  essential  features  of  the  plant  em- 
ployed were  practically  the  same  :  a  low  cowl  or  hood  is  fixed  over  the 
heating  chests  upon  which  the  rubber-coated  fabrics  are  dried.  By 
connecting  this  cowl  through  some  form  of  condenser  with  a  suction  pump 
or  fan,  the  naphtha  vapQurs  rising  from  the  fabrics  are  carried  through  a 
condenser.  But  it  will  be  seen  that  in  order  to  lift  the  naphtha  vapours 
from  the  cloth  and  to  carry  them  to  the  condenser,  a  current  or  volume 
of  air  is  required  greatly  exceeding  the  volume  of  the  naphtha  vapours  to 
be  condensed.     This  subsequently  impedes  considerably  the  efficiency  of 
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tbeooodaiiMr.owiiigtoUielovliaaeoiiihMCivHjrorBlr;  MidM, 
the  hjrdrooarbons  In  qoartioo  j^omtm  a  wmy 
even  U  urdinarj  tMiiptrmiunM,  il  b  obvloiM  Okki  * 
of  the  vmpoofB  that  MpiraUd  moit  wmrMMf  tmtmkn  nnnnniiwiiml,  I 
am  infonnod  that  the  bott  iwulli  obuhied  vith  ihk  d«eriptloo  ol  pkMl 
▼mried  from  20  to  S6  per  oent  of  the  quantitj  of  mpbtlM  cArrkd  by  lHo 
nibberooatod  Ibbrioi.  AgtbM  tbis  thar*  wm  tho  eoal  of  Um  Moiioo 
ouiTMil  Mid  of  Um  worfcing  of  tbe  eoodaoMr,  vbloh,  fofeibar  vHb  Ibt 
ebargra  for  intcrett  oo  capital  and  dqiredaUoo,  roodand  tbe  proewi 
unruDimaraUTe.  To  thia  muft  be  added  tha  danger  ariaing  Ikom  iiaa, 
tbe  Ultar  tending  at  onoe  to  spread  from  one  maeblna  to  tbe  olber  vben 
thej  were  all  oonneeted  bj  the  aboTe  named  1001100  tobea,  and  tbe  pomi- 
bilitj  of  aerioua  ezploaions  of  tbe  mizturea  of  air  and  naphtha  Tapoiifm. 

To  mj  mind  all  theae  attempta  were  either  doomed  to  failure  at  tba 
Terj  outaeti  or  could,  at  bent,  attain  to  very  mediocre  reralta  oolj,  owing  lo 
the  application  of  an  air  current  for  tbe  carrying  of  tbe  Tapoun  to  a  eon- 
denaer ;  and  I  am  of  opinion  thnt  the  simpleet,  tbe  moat  natonJ,  and,  at 
tbe  aame  time,  tbe  moet  efficient  prooeas  will  be  found  to  eonaist  in  allowing 
tbe  naphtha  Tapoura  to  fall  bj  their  own  graritjr*  npoo  a  aoilnbly 
arranged  condenser  surface.  Such  a  pUnt  has  been  devteed  bj  Wnn  and 
Franebkburq  (Eng.  Pat,  No.  16,919,  190 IX  and  it  is  working  in  a  moat 
satiaCactory  manner,  from  60  to  70  per  oent  of  tbe  naphtha  carried  bj 
tha  rubbe^coated  fabric  being  reooYered.  In  oaae  of  fire  there  ia  no  riak 
of  ita  spreading  to  other  maohinea  or  of  canaing  exploakma,  erety  BMebine 
being  entirely  self-contained. 

The  above  named  solvents  are  also  apt  to  render  tba  atmoaphaiaa  of 
the  '  making  up  rooms '  rather  oppressive,  owing  to  tbe  Urge  quantitiaa  of 
rubber  oamant  used  in  them.  A  *  solutioning '  machine  patented  by 
J.  Frahkknburo  (Eng.  Pat,  No.  3568,  1899)  effects  a  great  improvement 
in  tbis  respect  at  a  considemhle  saving  of  the  expensive  rubber  eement 

4.  Tbe  Vnlcaniiring  Prooeea.— Inhere  is  notbfaig  in  any  of  the  variooa 
methods  of  vulcanising  india  rubber  by  heat  (in  co^jonctioo  with  sulpbnr) 
whioh  could  detrimentally  affect  tbe  workera  Aa  the  tanparature  is 
rather  a  high  one,  in  aome  of  tbe  metboda  amall  quantltiaB  of  anlpbor 
vapour  being  given  off;  tbe  rooms  in  which  theee  prooeases  are  earned  oat 
should  be  apaoiona  and  efleotually  ventilated. 

Tbe  'cold '  prooeas  of  Tnlcaniaation,  with  a  aolotion  of  solpbur  mono- 
chloride  in  carbon  bisulphide^  has  already,  on  the  part  of  tbe  Hoom  Ottoi^ 
been  made  tbe  subject  of  a  number  of  regulatlona  and  rules  laspaatlug  tlM 
men  employed.  The  strict  administimtioa  of  tbaaa  rsgolatiooa  uadar  tba 
control  of  tbe  factory  inapectors  baa  now  almoat  oompleCely  alopped  tba 


*  It  is  eorioas  to  sse  bow  psrsistoat^y 
TApoon  of  thcM  solvsnts.  and  of  OMboa  bhalpkids,  as  *  Hgbt 
lighter  than  sir ;  wbsrsM,  as  a  BMttsr  of  CmI,  tba  veyoai 
ssrersl  times  as  heavy  aa  air—i.*.,  about  as  heavy  aa  b  siae  eea^AnJ  «itli 
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oocurreDoe  of  acute  and  chronic  cases  of  poisoning  with  carbon  bisulphide 
which  were  formerly  so  common. 

As  regards  the  maohinery  by  which  this  process  is  at  present  carried 
out,  this  is  still  capable  of  considerable  improvement.  Its  present  form  is 
▼ery  primitive,  and  only  too  plainly  shows  that  it  was  designed  with  the 
simple  view  to  its  purpose,  but  without  the  least  regard  of  some  of  the 
physical  peculiarities  and  of  the  dangers  to  life  and  limb  likely  to  arise 
from  these.  Of  course  I  do  not  suggest  that  these  omissions  were 
intentional — in  fact,  I  am  quite  certain  that  they  are  simply  duo  to  the 
entire  lack  of  physical  and  chemical  knowledge  on  the  part  of  those  who 
designed  them.  A  rationally  constructed  '  sincaloring '  machine  will  not 
only  produce  superior  goods,  but  it  will  also  entirely  prevent  those 
disastrous  explosions  which  have  been  uncomfortably  numerous  of  recent 
years.  It  even  appears  to  me  perfectly  feasible  to  prevent  altogether  the 
diaoharge,  now  practised,  of  the  carbon  bisulphide  vapours  into  the  open 
atoiosphere,  and  to  recover  practicjilly  the  whole  of  them.  This  would 
finally  remove  one  of  the  last  remaining  of  the  serious  objections  against 
the  use  of*  carbon  bisulphide  in  rubber  works.  The  discharge  of  enormous 
quantities  of  the  vapours  of  this  obnoxious  liquid  within  more  or  less 
densely  inhabited  districts  is  a  piece  of  unmitigated  barbarism. 

The  substitution  of  other  solvents — benzene,  petroleum  spirit,  carbon 
tetrachloride — for  carbon  bisulphide  has  been  attempted  times  without 
number,  but  without  any  satisfactory  result.  The  reason  of  this  is,  of 
course,  that  the  carbon  bisulphide  employed  in  the  process  does  not  act  as 
an  indifferent  solvent  merely  for  the  sulphur  monochloride,  but  has  a 
specific  physical  effect  upon  the  india  rubber,  which  is  absent  in  any  of  the 
above  named  proposed  substitutes  {see  page  199). 

From  the  above  it  will  be  seen  that  the  sources  of  danger  to  health 
peculiar  to  the  india  rubber  industry  are  few,  and,  such  as  they  are, 
unquestionably  capable  of  being  worked  in  such  a  manner  as  to  preclude 
entirely  their  affecting  the  workpeople  to  any  appreciable  degree.  This 
desirable  state  has  not  been  realised  at  the  present  moment,  or  very  im- 
perfectly only,  but  we  are  gradually  getting  nearer  to  it,  thanks  partly  to 
the  common-sense  of  the  manufacturers,  partly  to  the  pressure  exerted  in 
this  direction  by  the  Home  Office. 
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